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(54) 1-Aryloxy-2-arylnaphthyl compounds, intermediates, compositions, and methods 

(57) The present invention provides a class of compounds having the structure 




or a pharmaceutical^ acceptable salt where R 1 is hydrogen, hydroxy, alkoxy, alkoxycarbonyl, alkoxycarbonyloxy, ary- 
loxycarbonyl, phenoxycarbonyloxy, or alkylsulfonyloxy; R 2 and R 3 are independently selected from hydrogen, halo, 
hydroxy, alkoxy, alkoxycarbonyl, alkoxycarbonyloxy, aryloxycarbonyl, phenoxycarbonyloxy, or alkylsulfonyloxy; R 4 is 
selected from hydroxy, alkoxy, cycloalklxy, 1 -piperidinyl, 1 -pyrrolidinyl, methyl-1-pyrrolidtnyl, dimethyM-pyrrolidino, 
4-morpholino, dimethylamino, diethylamino, dusopropylamino, 1-hexamethyleneimino, and-OAr where where Ar is un- 
substituled or substituted phenyl; X is selected from the group consisting of alkylene of two to four carbon atoms, 
-CH=CH-, -CH 2 CH=CH-, and -CH 2 CH 2 CH=CH-, and Y is absent or is carbonyl, with the proviso that when Y is absent, 
R 4 may not be hydroxy, alkoxy, cycloalkoxy or aryloxy. 

The compounds are selective estrogen receptor modulators (SERMOs) and are useful in the treatment of patho- 
logical conditions associated with estrogen deprivation or the abnormal response to endogenous estrogen. 
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EP 0 835 867 A1 

Description 

This invention relates to organic compounds having biological activity, to pharmaceutical compositions containing 
the compounds, af id to their use in medical methods of treatment More particularly, the present invention concerns a 
5 class of substituted aryloxynaphthalene compounds, pharmaceutical compositions comprising the compounds, chem- 
ical process for th<i ir synthesis, and the use of the compounds in treating various medical indications associated with 
inappropriate levejls of estrogen and their pathological sequelae. 

Estrogen is a $ eneric term for estrus-producing steroid compounds Within the "estrogen group" are the traditional 
steroids such as 1l7b-estradiol and estrone (the major estrogens in humans), as well as various metabolites such as 
io the estradiols, sulfates and glucuronides of estradiol and estrone. Also, germane to human medicine, are the steroidal 
equine estrogens fcuch as the equilins, in that they are administered to humans in preparations, such as Premarin™ 
Also, certain compounds known as "anti-estrogens", e g , tamoxifen, clomiphene, nafoxidene, and raloxifene, dem- 
onstrate varying degrees of estrogen agonist properties in some tissues, however they act to antagonize the natural 
estrogens and the^ function in other tissues. 
75 Recently, these "anti-estrogens" have been categorized into three different types depending on their degree and 

mix of estrogen ag.onist/antagonist properties which is based on their ability to freeze estrogen receptors in different 
conformational stales, cf D. P McDonnell, et al Molecular Endocrinology, 9(6): 659-669 (1995). Most germane to the 
present invention are the so-called "type II anti-estrogens" of which compounds of the current invention belong The 
chemical structures of these various anti-estrogen types, although often similar, are poor predictors of pharmacological 
20 activity, in that small chemical changes produce varied activity 

Estrogens as biologically active molecules exert their properties by binding to an intracellular receptor. After the 
receptor and bound ligand are transported to the nucleus of a cell, the complex exerts its effect by binding to certain 
recognition sites ojm DNA and allowing certain genes to be expressed. This binding to the receptor and regulation is 
poorly understood^ however, it appears to be crucial to the varying agonist and antagonist properties of the anti-estro- 
25 gons. Thus, certain typos of anti-ostrogens allow agonist activity in some tissues, but arc antagonists in others. Hence, 
the term, n selective)estrogen receptor modulators" (SERMs) has been proposedto describe these molecules, especially 
the type II, of which 1 the compounds of the current invention are members. 

Estrogen has Ijong been classified as "the female sex hormone" and a great deal of literature describes its activity 
as such. However,; n recent years, research has shown that estrogens have many other homeostatic functions, other 
30 than those relatedjto female reproduction and the functioning of sex tissues. Indeed, it has been shown that males 
possess estrogen receptors and DNA recognition sites and possess the ability to produce estrogens in many tissues, 
such as those invo ved in the cardiovascular system The exact nature of the effects of estrogens in both men and 
women, outside tha productive aspects, are only beginning to be explored and are currently poorly understood. 

The majority ojl the documented activities of the estrogens have been derived from studies in women, since most 
women suffer from) the most obvious effects of estrogen, mainly due to menopause and estrogen dependent cancers. 
The clinical pathologies associated with estrogen levels and their subsequent function, can be categorized into two 
mam types, i.e., thiose which are due to a deprivation or lack of estrogen and those which are due to an aberrant 
physiological response to existing estrogen in estrogen sensitive tissues. SERMS, especially those of the current in- 
vention, have the property of being estrogen agonists in those cases where estrogen deprivation is a cause of pathology 
(mainly in non-sex plated tissues) and simultaneously being antagonists of the pathologies caused by abnormal re- 
sponses to endogenous estrogen (in sex related tissues). 

Thus, SERMS <pf the type 1 1 class have the potential to effectively treat a variety of estrogen dependent pathological 
conditions 

The present indention provides a class of selective estrogen receptor modulator ("SERM") compounds of the type 
II class which are useful in the treatment of estrogen-dependent pathological conditions. 
In its principal embodiment, the present invention provides a compound of formula 1 
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or a pharmaceutical^ acceptable salt thereof wherein R 1 is selected from the group consisting ol hydrogen, hydroxy, 

is alkoxy of one to four carbon atoms, alkoxycarbonyl of two to seven carbon atoms, alkoxycarbonyloxy of two to seven 
carbon atoms, alkylsulfonyloxy, phenoxycarbonyloxy, and aryloxycarbonyl where the aryl portion is unsubstituted phe- 
nyl or is phenyl substituted with one or more substituents independently selected from the group consisting of halo, 
methyl, methoxy, nitro, and trifluoromethyl. 

The substituents R 2 and R 3 are, independently selected from the group consisting of hydrogen, chloro, fluoro, 

20 hydroxy, alkoxy of one lo four carbon atoms, alkoxycarbonyl of Lwo to seven carbon atoms, alkoxycarbonyloxy of two 
to seven carbon atoms, alkylsulfonyloxy, phenoxycarbonyloxy, and aryloxycarbonyl where the aryl portion is unsubsti- 
tuted phenyl or is phenyl substituted with one or more substituents independently selected from the group consisting 
of halo, methyl, methoxy, nitro, and trifluoromethyl. 

The substituent R 4 is selected from the group consisting of hydroxy, alkoxy of one to six carbon atoms, cycloalkoxy 

25 of four to six carbon atoms, 1 -piporidinyl, 1-pyrrolidinyl, mothyl-1-pyrrolidinyl dimethyl-1-pyrrolidino, 4-morpholino, 
dimethylamino, diethylamino, diisopropylamino, 1 -hexamethyleneimino, and aryloxy where wherein the aryl portion is 
unsubstituted phenyl or is phenyl substituted with one or more substituents independently selected from the group 
consisting of halo, methyl, methoxy, nitro, and trifluoromethyl. 

The linking group X is selected from the group consisting of alkyiene of two to four carbon atoms, -CH=CH-, 

30 -CH 2 CH=CH-, and -CH 2 CH 2 CH=CH-; and Y is absent or is carbonyl, with the proviso that when Y is absent, R 4 may 
not be hydroxy, -0(C v C$ alkyl), -0(C 4 -C 6 cycioalkyl), or -OAr. 

In another embodiment, the present invention provides a pharmaceutical compositions containing an effective 
amount of a compound of formula I, either as the sole active component, or together with an effective amount of 
estrogen or progestin. 

35 In yet another embodiment, the present invention provides a method for the treatment of estrogen -dependent 

disease states. 

As used throughout this specification and the appended claims, the the following terms have the ascribed mean- 
ings. 

"Alkyl" denotes a monovalent group derived by the removal of a single hydrogen atom from a straight or branched 
40 hydrocarbon and is typified by methyl, ethyl, propyl, isopropyl, butyl, /so-butyl, sec-butyl, fevt-butyl, n-pentyl, iso-pentyl, 
n-hexyl, and the like. 

"Alkyiene" means a divalent group derived from methane, ethane or a straight or branched hydrocarbon of three 
or more carbon atoms by the removal of two hydrogen atoms, and is typified by such groups as methylene (i.e. -CH 2 -), 
ethylene, propylene, and the like 
45 "Alkoxy" or "alkoxyl" means an alkyl group, as defined above, attached to the parent molecular moiety through an 

oxygen atom and is represented by groups such as methoxy, ethoxy, propoxy, and the like. 

"Alkoxycarbonyl" denotes an alkoxy group, as defined above, connected to the parent molecular moiety through 
a carbonyl group and is typified by such groups as melhoxycarbonyl, elhoxycarbonyl, tert-buloxycarbonyl, and the like 

"Alkoxycarbonyloxy" means an alkoxycarbonyl group, as defined above, connected to the parent molecular moiety 
50 through an oxygen atom and is represented by such groups as methoxycarbonyloxy, i.e. -OC(0)OCH 3 , ethoxycarbo- 
nyloxy, and the like. 

The term "alkylsulfonyloxy" denotes an alkyl group, as defined above, connected to the parent molecular moiety 
through a sulfonyl (i e.-S0 2 ~) group, and then through an oxygen atom, and is typified by such groups as mcthylsulfo- 
nyloxy (i.e.-0(S0 2 )CH 3 ), ethylsulfonyloxy, and the like. 
55 "Aryloxycarbonyl" means an aryl group (within the context of the present invention, unsubstituted phenyl or phenyl 

substituted as defined above) attached through an oxygen atom and thence through a carbonyl group to the parent 
molecular moiety 

The term ^^3^0x7* denotes a monovalent group derived from a cyclic aliphatic hydrocarbon by the removal 
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aitom, attached to the parent molecular moiety through an oxygen atom and is represented by such 
cyclobuloxy, cyclopentoxy, and the like 

the term "estrogen" includes steroidal compounds having estrogenic activity such as, for example, 
estrone, conjugated estrogen (Premarin®), equine estrogen 17a-ethynyl estradiol, and the like As used 
progestin" includes compounds having progestational activity such as, for example, progesterone, 
nojmgestrel, megestrol acetate, norethindrone, and the like 

gerjlis of compounds defining the present invention has been set forth above, specific examples of 
conteiin plated as falling within the scope of the present invention include, but are not limited to, the following 
compounds of the present invention in which Y is carbonyl and R 4 is hydroxy alkoxy, cycloalkoxy, or 



2-phenyW6-hydroxynaphth-1 -yloxy)phenyl]propenoic acid; 
2-phenyji 6-methoxynaphth-1 -yloxy)phenyl]propenoic acid; 
4-chl6rophenyl)naphth-1 -yloxy)phenyl]propenoic acid, 
3-chloro-4-methoxyphenyl)naphth-1 -yloxy)phenyl]propenoic acid; 

3- chloro-4-hydroxyphenyl)naphth-1 -yloxy )phenyl]propenoic acid, 

4- hyc^oxyphenyl)naphth-1 -yloxy)phenyl]propenoic acid, 
4-metoioxyphenyl)naphth-1 -yloxy)phenyl]propenoic acid; 
3-chl©rophenyl)-6-hydroxynaphth-1-yloxyi)phenyl]propenoic acid, 

3- chl(3rophenyl)-6-melhoxynaphlh-1 -yloxy)phenyl]propenoic acid, 

4- chlc>rophenyl)-6-hydroxynaphth-1 -yloxy l)phenyl]propenoic acid, 
4-chl(>rophenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, 
4-hydjJoxyphenyl)-6-hydroxynaphth-1 -yloxyl)phenyl]propenoic acid; 
4-metiioxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid; 
4-mctlnoxyphcnyl)~6-mcthoxynaphth-1-yloxy)phcnyl]propcnoic acid; 
4-fluo)Jophenyl)-6-hydroxynaphth-1-yloxy)phenyl]but-3-enoic acid, 
4-flucJophenyl)-6-methoxynaphth-1-yloxy)phenyl]but-3-enoic acid; 
4-hyd«oxyphenyl)naphth-1 -yloxy)phenyl]but-3-enoic acid; 
4-metfcioxyphenyl)naphth-1 -yloxy)phenyl]but-3-enoic acid, 
3-chlo r o-4-hydroxyphenyl)naphth-1-yloxy)phenyl]but-3-enoic acid 

3- chl6 r o-4-methoxyphenyl)naphth-1-yloxy)phenyl]but-3-enoic acid; 

4- hydKoxyphenyl)-6-hydroxynaphth-1-yloxy)phenyllbut-3-enoic acid; 
4-met|liioxyphenyi)-6-hydroxynaphth-1-yloxyl)phenyl]but-3-enoic acid; 
4-metjliioxyphenyi)-6-methoxynaphth-1-yloxy)phenyl]but-3-enoic acid, 

2-phenyl[ naphth~1 -yloxy)phenyl]but-3-enoic acid 
2-phenyl< 6-hydroxynaphth-1 -yloxy)phenyl]propenoic acid; 
2-phenyl'-6-methoxynaphth-1 -y loxy)phenyl]propenoic acid, 

3-hydj^oxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid; 
3-metjl|ioxypheny!)-6-hydroxynaphth-1 -yloxy)phenyl]propanoic acid; 

3- metifeioxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid; 

4- hydjJoxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]propanoic acid; 
4-metjlnoxyphenyl)-6-hydroxynaphth-1 -yloxy )phenyl]propanoic acid; 
4-met|lnoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, 
4-chlorophenyl)-6-hydroxynaphth-1 -yloxy)phenylJpropanoic acid; 
4-chlorophenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, 
3-fluo«ophenyl)-6-hydroxynaphth-l -yloxyl)phenyl]propanoic acid; 

3- flucJophenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, 
phenyl|riaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 

4- hydKoxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]butanoic acid, 
4-mettaoxyphenyl)-6-hydroxynaphth-1 -yloxy )phenyl]butanoic acid; 
4-mettaoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]butanoic acid; 
3-hydroxyphenyl)-6-hydroxynaphth-1-ylyloxy)phenyl]propenoic acid, ethyl ester; 

3- mctjtnoxyphcnyl)-6-mcthoxynaphth-1-yloxy)phenyl]propcnoic acid, ethyl ester; 

4- hydjrfoxyphenyl)-6-hydroxynaphth-1-yloxyl)phenylJpropenoic acid, ethyl ester; 
4-met«iinoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
3-hydjfloxyphenyl)-6-hydroxynaphth-1 -yloxyl)phenyl]propenoic acid, propyl ester: 
3-meAioxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid : propyl ester; 

(2-(4-hycaroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, butyl ester; 
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2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, butyl ester, 
2-(3-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, pentyl ester; 
2-(3-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, pentyl ester; 
2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, hexyl ester, 
2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, hexyl ester: 
2-(3-hydroxyphenyl)naphth-1-yloxy)phenyllpropenoic acid, ethyl ester; 
2-(3-methoxyphenyi)naphth-1-yloxy)phenyllpropenoic acid, ethyl ester; 
2-(4-hydroxyphenyl)naphth-1-yloxy)phenyl]propenoic acid, ethyl ester: 
2-(4-methoxyphenyl)naphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
2-phenylnaphth-1-yloxy)phenyl]propenoic acid, ethyl ester, 
2-(4-chbrophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester, 
2-(4-chtorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
2-(3-fluorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
2-(3-fluorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
2-(4-fluorophenyt)-6-hydroxynaphth-1-yloxyl)phenyl]propenoic acid, ethyl ester; 
2-(4-fluorophenyl)-6-methoxynaphth-1-yloxy)phenylJpropenoic acid, ethyl ester; 
2-(3-fluoro-4-methoxyophenyl)-6-methoxynaphth-1-yloxy)-phenyl]propenoic acid, ethyl ester; 
2-(3-fluoro-4-hydroxyophenyl)-6-hydroxynaphth-1-yloxy)-phenyl]propenoic acid, ethyl ester: 
2-(3-fluorophenyl)naphth-1-yloxy)phenyl]but-3-enoic acid, ethyl ester; 
2-(4-hydroxyphenyl)-6-hydroxynaphlh-1-yloxy)phenyl]bul-3-enoic acid, ethyl ester, 
2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]but-3-enoic acid, ethyl ester: 
2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]but-3-enotc acid, pentyl ester; 
2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyf]but-3-enoic acid, pentyl ester; 
2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl)but-3-enoic acid, cyclohexyl ester; 
2-(4-mcthoxyphonyl)-6-mcthoxynaphth-Vyloxy)phcnyl]but-3-cnoic acid, cyclohexyl ester; 
2-(4-hydroxyphenyl)naphth-1-yloxy)phenyl]but-3-enoic acid, cyclohexyl ester, 
2-(4-methoxyphenyl)naphth-1-yloxy)phenyl]but-3-enoic acid, cyclohexyl ester; 
2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]but-3-enoic acid, phenyl ester. 
2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]but-3-enoic acid, phenyl ester; 
2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]but-3-enoic acid, 4-methylphenyl ester; 
2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]but-3-enoic acid, 4-methylphenyl ester; 
2-(3-hydroxyphenyl)naphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(3-methoxyphenyl)naphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(4-hydroxyphenyl)naphth-1-yloxy)phenyllpropanoic acid, ethyl ester; 
2-(4-methoxyphenyl)naphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(3-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(3-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(3-hydroxyphenyl)-6-hydrxynaphth-1-yloxy)phenyl]propanoic acid, propyl ester. 
2-(3-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, propyl ester; 
2-(3-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid, pentyl ester; 
2-(3-methoxyphenyl)-6-methoxynaphth-t-yloxy)phenyl]propanoic acid, pentyl ester; 
2-(3-fluorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester, 
2-(3-fluorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(4-fluorophenyl)-6-hydroxynaphth-1-yloxy)phenylJpropanoic acid, ethyl ester: 
2*(4-fluorophenyl)-6-methoxynaphth-Vyloxy)phenyl]propanoic acid, ethyl ester; 
2-(3-fluoro-4-hydroxyphenyl)-6-hydroxynaphth-l-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(3-fluoro-4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(4-chlorophenyl)-6-hydroxynaphlh-1-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(4-chlorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester, 
2-(4-fluorophenyl)naphth-1 ~yloxy)phenyl]propanoic acid, butyl ester; 
2-(4-mothoxyphcnyl)naphth-1 -yloxy)phenyl]propanoic acid, butyl ester; 
2-(4-hydroxyphenyl)naphth-1-yloxy)phenyl]propanoic acid, butyl ester; 
2-(4-hydroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]propanoic acid, hexyl ester; 
2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, hexyl ester; 
2-(3-hydroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]butanoic acid, ethyl ester; 
2-(4-hydroxyphenyl)-6-hydroxynaphth-1 -yloxyl)phenyl]butanoic acid, ethyl ester; 
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4-[4-(2-(4-met^oxyphenyt)-6-hydroxynaphth-1-yloxyl)phenyl]butanoic acid, ethyl ester; 
4-[4-(2-(4-methoxyphenyf)-6-methoxynaphth-1-yloxy)phenyl]butanoic acid, ethyl ester; 
4-[4-(2-(4-hydfoxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]butanoic acid, ethyl ester. 
4-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]butanoic acid, ethyl ester. 
4-[4-(2-(4-hydf|oxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]butanoic acid, pentyl ester, 
4-f4-(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyllbutanoic acid, pentyl ester; 
4-f4-(2-(4-hydijoxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]butanoic acid, cyclohexyl ester; 
4-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]butanoic acid, cyclohexyl ester, 
4-[4-(2-(4-hydijoxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]butanoic acid, phenyl ester; 
4-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]butanoic acid, phenyl ester; 
4-[4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]butanoic acid, 4-methylphenyl ester, and 
4-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]butanoic acid, 4-methylphenyl ester 

Examples of compounds of the present invention in which Y is carbonyl, and R 4 is 1-piperidinyl, 1 -pyrrolidinyl, 
methyl-1 -pyrrolidinyl, dimethyl-1-pyrrolidmo, 4-morphohno, dimethylammo, diethylamino, diisopropylamino, or 1-hex- 
amethyleneimino, are: 
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(2-(4-hydroxyphenyl)-6-hydroxynaphth-1 -yloxyl)phenyl]propenoic acid, N,N-dimethylamide. 
(2-(4-methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid, N.N-dimethylamide, 
(2-(4-hydrpxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]propenoic acid, 1 -pyrrolidinylamide; 
(2-(4-metnoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid, 1 -pyrrolidinylamide; 
(2-phenyl 6-hydroxynaphth-1 -yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(2-phonyl-6-methoxynaphth-1 -yloxy)phcnyl]proponoic acid, 1 -piperidinylamide. 
(2-(4-hydroxyphenyl)naphth-1-yloxy)phenyl]propenoic acid, 1 -piperidinylamide, 
(2-(4-metlj)oxyphenyl)naphth-1 -yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(2-(3-hydrpxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(2-(3-metfjioxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(2-(3-hydrpxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide: 
(2-(3-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide; 
(2-(4-hydroxyphenyl)-6-hydroxynaphth-1 -yloxyl)phenyllbut-3-enoic acid, 1 -piperidinylamide; 
(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide; 
(2-(4-hydrpxyphenyl)naphth-1 -yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide; 
(2-(4-metnoxyphenyl)naphth-1-yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide, 
(2-phenyl-6-hydroxynaphth-1 -yloxy)phenyl)but-3-enoic acid, 1 -piperidinylamide, 
(2-phenyli6-methoxynaphth-1 -yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide; 
(2-(4-hydroxyphenyl)naphth-1-yloxy)phenyl]propanoic acid, N,N-diethylamide; 
(2-(4-metnoxyphenyl)naphth-1 -yloxy)phenyl]propanoic acid, N,N-diethylamide, 
(2-(3-hydroxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, 1 -piperidinylamide; 
(2-(3-metnoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, 1 -piperidinylamide: 
(2-(4-hydroxyphenyl)-6-methoxynaphth-1-yloxy)phenylJpropanoic acid, 1 -piperidinylamide; and 
(2-(4-metnoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, 1 -piperidinylamide. 



Compounds ol 
myl, dimethyl-1-| 
are: 



the present invention in which Y is absent and R 4 is 1-piperidinyl, 1 -pyrrolidinyl, methyl-1 -pyrrolid- 
pyrtolidino, 4-morpholino, dimelhylamino, diethylamino, diisopropylamino, or 1-hexamethyleneimino, 



1-[4-[3-(pipericin 
1-[4-[3-(1 

1 ~[4-[3-(1 -pipofidinyl)propyl]ph 
1-[4-[3-(1 
1-[4-[3-(1-p.[ 
1-[4-[3-(1-pipe 
1-[4-[3-(1-pyro 
1-[4-[3-(N.N 



-1 -yl)propyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 
piperidinyl)propyl]phenoxy]-2-(3-methoxyphenyl)-6-methoxynaphthalene; 

cnoxy]-2-(3,4-dimethoxyphcnyl)-6-methoxynaphthalcne; 
piperidinyl)propyl]phenoxy]-2-(3-fluorophenyl)-6-methoxynaphthalene; 
peridinyl)propyl]phenoxy]-2-(4-chlorophenyl)-6-methoxynaphthalene; 
ridinyl)propyl]phenoxy]-2-(4-methoxyphenyl)naphthalene; 
idinyl)propyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 
dimethyl)propyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 
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1-[4-[3-(1-hexamethyleneimino)propyl]phenoxy]-2-(4-methoxyph 

1-[4-[3-(N,N-dimethyl)propyi]phenoxy]-2-4-methoxyphenyl)-6-methoxynaphthalene; 

1-[4-[3-(1-pyrolidinyl)propyl]phenoxy]-2-(3-methoxyphenyl)-6-methoxynaphthalene: 

1-[4-[3-(1-piperidinyl)prop-2-enyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaph 

1-[4-[3-(1-piperidinyl)prop-2-enyl]phenoxy]-2-(3-methoxyphenyl)-6-methoxynaphthalene: 

1-f4-[3-(1-piperidinyl)prop-2-enyl1phenoxyl-2-(4-methoxyphenyl)naphthalene; 

1-[4-f3-(1-piperidinyl)prop-2-enyllphenoxyl-2-phenyl-6-methoxynaphthalene; 

1-[4-[3-(1-hexamethyleneimino)prop-2-enyl]ph 

1-[4-[3-(1-piperidinyl)prop-2-enyl]phenoxy]-2-(4-c^^ 

1-[4-[3-(N,N-dimethyl)prop-2-enyl]phenoxy]-2-^ 

1-[4-[4-(l-piperidinyl)but-3-enyl]phenoxy]-2-(4-m 

1-[4-[4-(1-piperidinyl)but-3-enyl]phenoxy]-2-(3-m 

1-[4-[4-(1-pyrolidinyl)but-3-enyl]phenoxy]-2-(4^ 

1-[4-[4-(1-piperidinyl)but-3-enyl]phenoxy]-2-(4-methcxyphenyl)naphthalene: 

1 -[4-[4-( 1 -piperidmyl)but-3-enyl]phenoxy]-2-phenyl-6-methoxynaphthalene; 

1 -[4-[4-( 1 -piperidinyl)but-3-enyl|phenoxy]-2-(3-fluorophenyl)-6-methoxynaphthalene. 

1 -[4-[4-( 1 -piperidinyl)butyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 

1 -[4-[4-( 1 -pjperidinyl)buty l]phenoxy]-2-(3-methoxyphenyl)-6-methoxynaphthalene; 

1-[4-[4-(l-pipendinyl)butyl]phenoxy]-2-(4-methoxyphenyl)naphthalene; 

1 -[4-[4-( 1 -piperidinyl)butyl]phenoxy]-2-phenyl-6-melhoxynaphlhalene, 

1 -[4-[4-(i -pyrolidinyl)butyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; and 

1-[4-[4-(1-pjpendinyl)butyl]phenoxy]-2-(4-fluorophenyl)-6-methoxynaphthalene. 



Preferred compounds of the present invention are compounds of Formula I above in which R 1 , R 2 and R 3 are 
selected from halogen, hydroxy, and alkoxy, most prelcrably mothoxy 

Particularly preferred compounds of the present invention are compounds in which Y is absent and R 4 is selected 
from 1 -piperidinyl, 1-pyrrolidinyl, methyl-1-pyrrolidinyl, dimethyl-1 -pyrrolidino, 4-morpholino, dimethylamino, diethyl- 
amino, diisopropylamino, or 1-hexamethyleneimino, most preferably 1-pyrrolidinyl and 1 -piperidinyl. 

By virtue of their ability to act as so-called type 1 1 selective estrogen receptor modulators ("SERMs"), the compounds 
of the present invention are useful for the treatment of disease states associated with the deprivation or lack of estrogen 
as well as pathological conditions which are due to an aberrant physiological response to existing estrogen in estrogen 
sensitive tissues. SERMs, especially those of the current invention, have the property of being estrogen agonists in 
those cases where estrogen deprivation is a cause of pathology (mainly in non-sex related tissues) and simultaneously 
being antagonists of the pathologies caused by abnormal responses to endogenous estrogen (in sex related tissues). 

Thus, compounds of the present invention are useful in the treatment of pathological conditions associated with 
estrogen deprivation such as bone loss or bone resorption, due to either menopause or ovariectomy. 

Moreover, the compounds of the present invention are useful in the treatment of pathologies caused by abnormal 
responses to enogenous estrogen (in sex related tissues), including their usefulness in lower serum cholesterol levels. 

A post-menopausal model was used in which the effects of different treatments upon circulating lipids and upon 
osteoporosis were determined This model demonstrates the ulitity of the compounds of the current invention to treat 
pathologies caused by the deprivation of estrogen 

Seventy-five day old female Sprague Dawley rats (weight range of 200 to 225g) are obtained from Charles River 
Laboratories (Portage, Ml). The animals are either bilaterally ovariectomized (OVX) or exposed to a Sham surgical 
procedure at Charles River Laboratories, and then shipped after one week. Upon arrival, they are housed in metal 
hanging cages in groups of 3 or 4 per cage and have ad libitum access to food (calcium content approximately 0.5%) 
and water for one week. Room temperature is maintained at 22.2° ± 1 .7° C with a minimum relative humidity of 40%. 
The photoperiod in the room is 12 hours light and 12 hours dark. 



Dosing Regimen Tissue Collection . 



After a one week acclimation period (therefore, two weeks post-OVX) daily dosing with test compound is initiated 
17a-ethynyl estradiol or the test compound are given orally, unless otherwise stated, as a suspension in 1% car- 
boxymothylcolluloso or dissolved in 20% cyclodextrin. Animals arc dosed daily for 4 days. Following the dosing regimen, 
animals are weighed and anesthetized with a ketamme: Xylazine (2:1, V:V) mixture and a blood sample is collected 
by cardiac puncture. The animals are then sacrificed by asphyxiation with C0 2 , the uterus is removed through a midline 
incision, and a wet uterine weight is determined. 
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Cholesterol Analysis. 



Blood sampleaj are allowed to clot at ambient temperature for 2 hours, and serum is obtained following centrif ugation 
for 10 minutes at 3000 rpm. Serum cholesterol is determined using a Boehringer Mannheim Diagnostics high perform- 
ance cholesterol assay Briefly, the cholesterol is oxidized to cholest-4-en-3-one and hydrogen peroxide The hydrogen 
peroxide is then reacted with phenol and 4-aminophenazone in the presence of peroxidase to produce a p-quinone 
imine dye, which *s read spectrophotemetrically at 500 nm. Cholesterol concentration is then calculated against a 
standard curve Tfae entire assay is automated using a Biomek Automated Workstation 



10 Uterine Eosinophil 



Peroxidase (EPO) Assay . 



Uteri are keptiat 4° C until time of enzymatic analysis. The uteri are then homogenized in 50 volumes of 50 mM 
Tns buffer (pH - 8jD) containing 0 005% Triton X-100. Upon addition of 0.01% hydrogen peroxide and 10 mM O-phe- 
nylenediamine (finnal concentrations) in Tns buffer, increase in absorbance is monitored for one minute at 450 nm The 
presence of eosonophils in the uterus is an indication of estrogenic activity of a compound The maximal velocity of a 
15 second interval is determined over the initial, linear portion of the reaction curve 



Source of Compound 



17a-ethynyl estradiol 
Selected comi 



was obtained from Sigma Chemical Co., St Louis, MO. 
founds of formula I were evaluated in the above assay. These results are presented in Table 1. 

Table 1 



Compound 


I 


Dose (mg/kg) a 


Uterine Weight (%lnc.) 

b 


Uterine Eosinophil 


Serum Cholesterol (% 
Dec.) d j 


EE2 e 




0.1 


96.0* 


54.6* 


75.9* 


Example 3 




0.1 
1.0 
10.0 


2.2 
-3.7 
9.7 


3.0 
0.6 

ao 


12 4 
34.7* 
37.6* 


Example 7 




0.1 
1.0 
100 


57.3* 
79.7* 
111.4* 


7.2 
106 2* 
132.9* 


52.3* 
51/6* 



55 



r mg/kg PO 
b Uterine Weigh! % 
c Eosinphil peroxidase 
d Serum cholesterol 
e 17-a-Ethynyl-estrad|bl 
* p<.05 



ncrease versus the ovarie rec torn i zed controls 
Vmaxium 

decrease versus ovariectomized controls 



Osteoporosis Test: 



Procedure 



Following the General Preparation Procedure, infra , the rats are treated daily for 35 days (6 rats per treatment 
group) and sacrificed by carbon dioxide asphyxiation on the 36th day. The 35 day time period is sufficient to allow 
maximal reduction in bone density, measured as described herein. At the time of sacrifice, the uteri are removed, 
dissected free of extraneous tissue, and the fluid contents are expelled before determination of wet weight in order to 
confirm estrogen deficiency associated with complete ovariectomy. Uterine weight is routinely reduced about 75% in 
response to ovariectomy. The uteri are then placed in 1 0% neutral buffered formalin to allow for subsequent histological 
analysis 

The right femualrs are excised and digitihzed x-rays generated and analyzed by an image analysis program (NIH 
image) at the distal metaphysis The proximal aspect of the tibiae from these animals are also scanned by quantitative 
computed tomography. 

In accordance; \with the above procedures, compounds of the present invention and ethynyl estradiol (EE 2 ) in 20% 
hydroxypropyl b-cypodextrin are orally administered to test animals. 

As evidence ol the utility of the compounds of the current invention to treat pathologies derived from the inappro- 
priate presence of! estrogen, the following models are described, below. 
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MCF-7 Proliferation Assay 

MCF-7 breast adenocarcinoma cells (ATCC HTB 22) are maintained in MEM (minimal essential medium, phenol 
red-free, Sigma, St Louis. MO) supplimented with 10% fetal bovine serum (FBS) (VA/), L-glutamine (2 mM), sodium 

s pyruvate (1 mM), HEPES {(N-[2-hydroxyethyl]piperazme-N'-[2-ethanesulfonic acid]10 mM}, non-essential amino acids 
and bovine insulin (1 ug/mL) (maintenance medium). Ten days prior to assay, MCF-7 cells are switched to maintenance 
medium supplemented with 10% dextran coated charcoal stripped fetal bovine serum (DCC-FBS) assay medium) in 
place of 10% FBS to deplete internal stores of steroids MCF-7 cells are removed from maintenance flasks using cell 
dissociation medium (Ca++/Mg++ free HBSS (phenol red-free) supplemented with 10 mM HEPES and 2 mM EDTA). 

io Cells are washed twice with assay medium and adjusted to 80,000 cells'mL. Approximately 100 mL (8,000 cells) are 
added to flat-bottom microculture wells (Costar 3596) and incubated at 37° C in a 5% C0 2 humidified incubator for 48 
hours to allow for cell adherence and equilibration after transfer Serial dilutions of drugs or DMSO as a diluent control 
are prepared in assay medium and 50 mL transferred to triplicate microcultures followed by 50 mL assay medium for 
a final volume of 200 mL After an additional 46 hours at 37° C in a 5% C0 2 humidified incubator, microcultures are 

15 pulsed with trrtiated thymidine (1 uCi/well) for 4 hours Cultures are terminated by freezing at -70° C for 24 hours 
followed by thawing and harvesting of microcultures using a Skatron Semiautomatic Cell Harvester Samples are count- 
ed by liquid scintillation using a Wallac BelaPlace b counter Activity of a compound of formula I in the present assay 
demonstrates that the compound is of potential for treating hormonally-dependent cancer, particularly breast cancer 
For example, the compound of Example 3 inhibits cell growth in this assay with an IC 50 400 nM The compound of 

20 Example 7 is extremely potent in this assay with an IC 50 of 100 pM. 

DMBA-lnduced Mammary Tumor Inhibition 

Estrogen-dependent mammary tumors are produced in female Sprague-Dawley rats which are purchased from 

2S Harlan Industries, Indianapolis, Indiana At about 55 days of age, the rats receive a single oral feeding of 20 mg of 
7,12-dimethylbenz[a]anthracene (DMBA) About 6 weeks after DMBA administration, the mammary glands are pal- 
pated at weekly intervals for the appearance of tumors Whenever one or more tumors appear, the longest and shortest 
diameters of each tumor are measured with a metric caliper, the measurements are recorded, and that animal is se- 
lected for experimentation. An attempt is made to uniformly distribute the various sizes of tumors in the treated and 

30 control groups such that average-sized tumors are equivalently distributed between test groups Control groups and 
test groups for each experiment contain 5 to 9 animals 

Compounds of Formula I are administered either through intraperitoneal injections in 2% acacia, or orally. Orally 
administered compounds are either dissolved or suspended in 0.2 mL corn oil. Each treatment, including acacia and 
corn oil control treatments, is administered once daily to each test animal. Following the initial tumor measurement 

35 and selection of test animals, tumors are measured each week by the above-mentioned method. The treatment and 
measurements of animals continue for 3 to 5 weeks at which time the final areas of the tumors are determined. For 
each compound and control treatment, the change in the mean tumor area is determined 

The present invention also provides a method of alleviating estrogen deprivation in women which comprises the 
aforementioned method using compounds of Formula I and further comprises administering to a woman an effective 

40 amount of estrogen or progestin. These treatments are particularly useful for treating osteoporosis and lowering serum 
cholesterol because the patient will receive the benefits of each pharmaceutical agent while the compounds of the 
present invention would inhibit undesirable side-effects of estrogen and progestin. Activity of these combination treat- 
ments in any of the post-menopausal tests, infra, indicates that the combination treatments are useful for alleviating 
the symptoms of post-menopausal symptoms in women. 

45 Various forms of estrogen and progestin are commercially available. Estrogen-based agents include, for example, 

ethynyl estrogen (0.01 - 0 03 mg/day), mestranol (0.05 - 0.15 mg/day), and conjugated estrogenic hormones such as 
Premarin® (Wyeth-Ayerst; 0.3 - 2.5 mg/day) Progestin-based agents include, for example, medroxyprogesterone such 
as Provera® (Upjohn, 2.5 -10 mg/day), norethylnodrel (1.0 - 10.0 mg/day), and nonethindrone (0.5 - 2 0 mg/day) . A 
preferred estrogen-based compound is Premarin, and norethylnodrel and norethindrone are preferred progestin-based 

50 agents. 

The method of administration of each estrogen- and progestin-based agent is consistent with that which is known 
in the art. For the majority of the methods of the present invention, compounds of Formula I are administered contin- 
uously, from 1 to 3 times daily. However, cyclical therapy may especially be useful in the treatment of endometriosis 
or may be used acutely during painful attacks of the disease. In the case of restenosis, therapy may be limited to short 
55 (1-6 months) intervals following medical procedures such as angioplasty. 

As used herein, the term "effective amount' means an amount of compound (formula I) of the present invention 
which is capable of alleviating, inhibiting, preventing, ameliorating, reversing, obviating, or lessening the symptoms of 
the various pathological conditions herein described The specific dose of a compound administered according to this 
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invention will, of course, be determined by the particular circumstances surrounding the case including, for example, 
the compound administered, the route of administration, the state of being of the patient, and the pathological condition 
epical daily dose will contain a nontoxic dosage level of from about 5 mg to about 600 mg/day of a 
compound of the present invention. Preferred daily doses generally will be from about 15 mg to about 80 mg/day. 

The compounds of this invention can be administered by a variety of routes including oral, rectal, transdermal, 
subucutaneus, intrjavenous, intramuscular, and intranasal. These compounds preferably are formulated prior to ad- 
ministration, the selection of which will be decided by the attending physician Thus, another aspect of the present 
invention is a pharmaceutical composition comprising an effective amount of a compound of Formula I or a pharma- 
ceutically acceptable salt or solvate thereof, optionally containing an effective amount of estrogen or progestin, and a 
pharmaceutical^ Acceptable carrier, diluent, or excipient. 

The total active ingredients in such formulations comprises from 0 1% to 99.9% by weight of the formulation By 
"pharmaceutical^ acceptable" it is meant the carrier, diluent solvent, excipients and salt must be compatible with the 
other ingredients cf the formulation, and not deleterious to the recipient thereof. 

Pharmaceutical formulations of the present invention can be prepared by procedures known in the art using well 
known and readily available ingredients For example, the compounds of formula I, with or without an estrogen or 
progestin compound, can be formulated with common excipients, diluents, or carriers, and formed into tablets, cap- 
sules, suspensions, powders, and the like. Examples of excipients, diluents, and carriers that are suitable for such 
formulations include the following: fillers and extenders such as starch, sugars, mannitol, and silicic derivatives, binding 
agents such as ca boxymethyl cellulose and other cellulose derivatives, alginates, gelatin, and polyvinylpyrrolidone, 
moisturizing agents such as glycerol, disintegrating agents such as calcium carbonate and sodium bicarbonate, agents 
for retarding dissolution such as paraffin, resorption accelerators such as quaternary ammonium compounds, surface 
active agents sucjji as cetyl alcohol, glycerol monostearate; adsorptive carriers such as kaolin and bentonite, and 
lubricants such as talc, calcium and magnesium stearate, and solid polyethyl glycols. 

The compounds also can be formulated as elixirs or solutions for convenient oral administration or as solutions 
appropriate for parenteral administration, for example, by intramuscular, subcutaneous or intravenous routes. Addi- 
tionally, the compoi jnds are well suited to formulation as sustained release dosage forms and the like. The formulations 
can be so constituted that they release the active ingredient only or preferably in a particular physiological location, 
possibly over a period of time. The coatings, envelopes, and protective matrices may be made, for example, from 
polymeric substances or waxes 

Compounds o) formula 1, alone or in combination with a pharmaceutical agent of the present invention, generally 
will be administered in a convenient formulation. The following formulation examples only are illustrative and are not 
intended to limit the scope of the present invention. 

Formulations 

In the formulations which follow, "active ingredient" means a compound of Formula 1 , or a salt or solvate thereof. 



The formulation 
A tablet formulation 
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Formulation 1: Gelatin Capsules 


Hard gelatin capsules are prepared using the following: 


Ingredient 


Quantity (mg/capsule) 


Active ingredient 
Starch, NF 

Starch flowable powder 
Silicone fluid 350 ccntistokes 


0.1 - 1000 
0-650 
0-650 
0 - 15 



above may be changed in compliance with the reasonable variations provided, 
is prepared using the ingredients below: 



Formulation 2 Tablets 


Ingredient 


Quantity (mg/tablet) 


Active ingredient 


2.5 - 1000 


Cellulose, microcrystalline 


200 - 650 


Silicon dioxide, fumed 


10-650 
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(continued) 



Formulation 2: Tablets 


Ingredient 


Quantity (mg/tablet) 


Stearate acid 


5- 15 



The components are blended and compressed to form tablets. 

Alternatively, tablets each containing 2.5 - 1000 mg ot active ingredient are made up as follows: 

10 



Formulation 3 Tablets 


Ingredient 


Quantity (mg/tablet) 


Active ingredient 


25- 1000 


Starch 


45 


Cellulose, microcrystalline 


35 


Polyvinylpyrrolidone (as 10% solution in water) 


4 


Sodium carboxymethyl cellulose 


4.5 


Magnesium stearate 


0.5 


Talc 


1 



25 The active ingredient, starch, and cellulose are passed through a No. 45 mesh U.S sieve and mixed thoroughly. 

The solution of polyvinylpyrrolidone is mixed with the resultant powders which are then passed through a No. 14 mesh 
U S. sieve. The granules so produced are dried at 50° -60° C and passed through a No. 18 mesh U.S. sieve. The 
sodium carboxymethyl starch, magnesium stearate, and talc, previously passed through a No. 60 U.S. sieve, are then 
added to the granules which, after mixing, are compressed on a tablet machine to yield tablets. 

30 Suspensions each containing 0 1 - 1000 mg of medicament per 5 ml dose are made as follows 



Formulation 4: Suspensions 


Ingredient 


Quantity (mg/5 ml) 


Active ingredient 


0.1 - 1000 mg 


Sodium carboxymethyl cellulose 


50 mg 


Syrup 


1.25 mg 


Benzoic acid solution 


0.10 mL 


Flavor 


q.v. 


Color 


q.v. 


Purified water to 


5 mL 



45 

The medicament is passed through a No. 45 mesh U.S. sieve and mixed with the sodium carboxymethyl cellulose 
and syrup to form a smooth paste The benzoic acid solution, flavor, and color are diluted with some of the water and 
added, with stirring. Sufficient water is then added to produce the required volume. 

An aerosol solution is prepared containing the following ingredients: 



Formulation 5: Aerosol 


Ingredient 


Quantity (% by weight) 


Active ingredient 


0.25 


Ethanol 


25.75 


Propellant 22 (Chlorodifluoromethane) 


70.00 
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edient is mixed with ethanol and the mixture added to a portion of the propellant 22, cooled to 30° 
to a filling device The required amount is then fed to a stainless steel container and diluted with 
the remaining propjellant The valve units are then fitted to the container. 
Suppositories are prepared as follows; 



10 



15 



Formulation 6 Suppositories 


Ingredient 


Quantity (mg/suppository) 


Active ingredient 


250 


Saturated fatty acid glycerides 


2,000 



The active ingredient is passed through a No. 60 mesh U.S sieve and suspended in the saturated fatty acid 
glycerides previously melted using the minimal necessary heat. The mixture is then poured into a suppository mold of 
nominal 2 g capacity and allowed to cool 
An intravenous formulation is prepared as follows 
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The solution ot 



Formulation 7 Intravenous Solution 


Ingredient 


Quantity 


Active ingredient 


50 mg 


Isotonic saline 


1,000 mL 



the above ingredients is intravenously administered to a patient at a rate of about 1 mL per minute 
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Formulation 8 Combination Capsule I 


Ingredient 


Quantity (mg/capsule) 


Active ingredient 


50 


Premann 


1 


Avicel pH 101 


50 


Starch 1500 


117.50 


Silicon Oil 


2 


Tween 80 


0.50 


Cab-O-Sil 


0 25 




Formulation 9 Combination Capsule II 


Ingredient 


Quantity (mg/capsule) 


Active ingredient 


50 


Norethylnodrel 


5 


Avicel pH 101 


82.50 


Starch 1500 


90 


Silicon Oil 


2 


Tween 80 


0 50 



Formulation 10: Combination Tablet 


Ingredient 


Quantity (mg/capsule) 


Active ingredient 


50 
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(continued) 



Formulation 10 Combination Tablet 


Ingredient 


Quantity (mg/capsule) 


Premarin 


1 


Corn Starch NF 


50 


Povidone, K29-32 


6 


Avicel pH 101 


41 50 


Avicel pH 102 


136.50 


Crospovidone XL10 


2 50 


Magnesium Stearate 


0.50 


Cab-O-Sil 


0.50 



Compounds of the present invention are prepared, starting with the steps depicted in Reaction Scheme 1 in which 
R la is -H or -OR 5 , where R 5 is a hydroxy protecting group, and R 2a and R 3a are -H, halo, or -OR 5 . 

Suitable hydroxy! protecting groups are those discussed in T W. Greene, et ai, "Protective Groups in Organic 
Synthesis," 2nd Edition, John Wiley & Sons, Inc., New York, 1991. 
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Reaction Scheme 1 
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.R 2a 
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The starting tetralone compounds, 2, are well known in the art and are prepared essentially as described by Boyle, 
et al., in U.S. Pat No. 4,910,212 which is incorporated herein by reference See ., also, Collins, D.J., et al., Aust J. 
40 Chem., 41:745-756 (1 988); and Collins, D.J.. et al ., Aust J Chem., 37:2279-2294 (1984). 

As shown in Reaction Scheme 1, a ketone of formula 2 is aromatized, providing a phenol of formula 3, which is 
then reacted with a 4-halobenzaldehyde to give a biaryl ether of formula 4 

In the first step, Ihe ketone, 2, is converted to a phenol of formula 3 via a three-step protocol, essentially as described 
M. Syn. Commun., 21 .989 (1991). A ketone of formula 2 is enolized by heating it under reflux in 
I c ester solvent, in the presence of an acid catalyst The resulting enolacetate is directly oxidized 
to a naphtholacetate which is then hydrolyzed to a phenol of formula 3. 

In converting a ketone of formula 2 to its corresponding enol, various known acid catalysts can be used. Preferably, 
non-aqueous acids, particularly p-toluenesulfonic acid is preferred A preferred enolic ester solvent is isopropenylac- 
etate. 

The reaction tatfes from about 6 to about 48 hours to complete. The enol product from this reaction is not isolated, 
but upon completion of the reaction, the resulting solution is treated with an appropriate oxidant and heated under 
it about 3 hours. 



by Wang, G., et al 
an appropriate enol 



reflux for about 1 to- 
Appropriate oxidants for this reaction step are limited to those known in the art which can lead to the elimination 



of a hydrogen atom 



from a saturated system to give an aromatized system. Such oxidants include, for example, hy- 



55 drogenation catalyses such as platinum, palladium, and nickel, elemental sulfur and selenium, and quinones. For the 
present application, quinone oxidants, especially 2,3-dichloro-5,6-dicyano-1 ,4-benzoquinone (DDQ) are preferred. 
About 1 to 2 equivalents of DDQ per equivalent of substrate will drive the present process phase 

The resulting pioduct is the naphtholacetate, which is then subjected to hydrolysis to provide a compound of 
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formula 3. The hydrolysis step is accomplished via either acid or basic hydrolysis of the substrate in a polar protic 
solvent such as water or one or more solvents containing an alcohol such as methanol or ethanol A cosolvent such 
as tetrahydrofuran (THF) or dioxane also may be added to the solution to aid solubility. Appropriate bases for this 
phase include sodium hydroxide, potassium hydroxide, lithium hydroxide, and the like. Appropriate acids include, for 
example, hydrochloric acid, methanesulfonic acid, j>toluenesulfonic acid, and the like. 

This final hydrolysis step, shown in Scheme 1 , can be run at ambient temperature and is complete typically from 
1 to about 12 hours. Completion of the hydrolysis step is followed by means of standard chromatographic techniques 
such as thin layer chromatography. 

In the next step of Scheme 1, the phenol of formula 3 is first reacted with a base, followed by the addition of a 
4-halobenzaldehyde in a polar aprotic solvent, under an inert atmosphere such as nitrogen, to give a biarylether of 
formula 4. This reaction is well known in the art and is carried out essentially as described by Yeager, G W., et al ., 
Synthesis, 63 (1991) 

More particularly, 1 equivalent of a formula 3 compound is first treated with at least 1 equivalent of an alkali metal 
hydride, preferably sodium hydride, or carbonate in an appropriate solvent, followed by a drop wise addition of a 
4-halobenzaldehyde, preferably 4-fluorobenzaldehyde, in the same solvent as used with the substrate. 

Appropriate solvents for this reaction are those solvents or mixture of solvents which remain inert throughout the 
reaction. N,N-dimethylformamide (DMF), especially the anhydrous form thereof, is preferred A preferred temperature 
range for this reaction is from about 30° C to about 100° C. Under the preferred reaction conditions, a formula IV 
compound is prepared in about 24 to about 48 hours. 

Typical examples of compounds of formula 4 prepared by the process of Reaclion Scheme 1 include: 

1-(4-formylphenoxy)-2-(4-methoxyphenyl)-6-methoxynaphthalene; 

1-(4-formylphenoxy)-2-(4-methoxyphenyl)naphthalene; 

1-(4-formylphenoxy)-2-(3-methoxyphenyl)-6-methoxynaphthafene; 

1-(4-formylphGnoxy)-2-(3,4-di-mcthoxyphenyl)-6-mcthoxy-naphthalcne: 

1-(4-formylphenoxy)-2-(3-methoxyphenyl)naphthalene; 

1-(4-formylphenoxy)-2-(4-chlorophenyl)-6-methoxynaphthalene; 

1-(4-formylphenoxy)-2-(4-fluorophenyl)-6-methoxynaphthalene; 

1-(4-formylphenoxy)-2-(4-chlorophenyl)naphthalene; 

1-(4-formylphenoxy)-2-(4-fluorophenyl)naphthalene; 

1-(4-formylphenoxy)-2-(3-fluorophenyl)-6-methoxynaphthalene: 

1-(4-formylphenoxy)-2-(3-chlorophenyl)-6-methoxynaphthalene; 

1-(4-formylphenoxy)-2-phenylnaphthalene; 

1-(4-formylphenoxy)-2-(3-chlorophenyl)naphthalene; 

1-(4-formylphenoxy)-2-(3-fluorophenyl)naphthalene; 

1-(4-formylphenoxy)-2-(3-fluoro-4-methoxyphenyl)-6-methoxynaphthalene; and 
1-(4-formylphenoxy)-2-(3-chloro-4-methoxyphenyl)-6-methoxynaphthalene. 

The synthesis of the compounds of the present invention continues as depicted in Reaction Scheme 2 in which 
R 1a R 2a , and R 3a have the meanings ascribed above, X a is -CH=CH- or -CH 2 CH=CH-, Y a is -CO-; and R 4a is -0(C r 
C 6 ) alkyl, 0(C 4 -C 6 ) cycloalkyl, or -O Ar, where Ar is phenyl or substituted phenyl. 
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Reaction Scheme 2 



XX 



XX 



R 2a 
R 3a 



(EtO) 2 P(0)CH 2 COOEt 
or 

( Et O ) 2 P ( O ) CH 2 CH 2 COOEt 



R 3a 



la 



As shown in Reaction Scheme 2, an alkyl ester is added to the aldehyde compound of formula 4 to form an alkene of 
formula 1a This general type of reaction may be accomplished with a Wittig-type reaction, i.e , the addition of a ylide 
to a carbonyl Ylides for this reaction may be formed from phosphoranes or phosphonates In the current invention, 
addition with a phpsphonate ylide is preferred, this type of reaction is known as Wadsworth-Emmons reaction (see: 
"Advanced Organic Chemistry", March, J Ed., 3 rd Ed , John Wiley & Sons. New York, Chapter 16, p. 845-850, or 
Wadsworth, Org F-leact. , 25, p. 73-253 (1977)) 

fn this reaction a triester of a phosphonoalkylacid is treated with a strong base to abstract the proton alpha to the 
phosphonate, thus forming the phosphono ylide. In the current invention, the triester phosphonoalkyl acid were the 
triethylesters of prjosphonoacetic acid or phosphonoproprionic acid, although other esters may be used (see: Arbuzov, 
Pure Appl Chem » 9, p. 307-335 (1 964)). Strong bases used to abstract the proton may be bases such as Li, Na, NaH, 



n-BuLi, etc., solvents for this reaction must be inert to the reaction conditions, such as, THF, ether, etc. Generally, these 
reactions are run at low temperature, -30° to -70°C. The stereochemical outcome for the double bond produced in this 
reaction is discussed in the above references. In general, the predominant isomer is the trans (Z) isomer; however, 
the other isomer rt ay be isolated by chromatographic techniques The current invention envisions either isomer and/ 
or their mixture as novel and useful discoveries. 

Other compounds of the present invention are prepared from the compounds of formula 1a by several routes The 
double bond in linMing group X a of compounds 1a may be reduced to the alkane in the presence ol the carbonyl linking 
group, Y a , with catalytic hydrogenation. For example, a compound of formula 1a is reduced with H 2 and 5% Pd/C in a 
solvent such as EiOH or EtOAc at ambient temperatures in 4-24 hours 

Alternatively, a compound of formula la is hydrolyzed to the corresponding carboxylic acid (R 4 is -OH) with either 
acid or base, follol/ved by the reduction of the double bond. The reduction-hydrolysis sequence may be done in any 
order. The hydrolysis is accomplished with acid, such as. 5N HCI, 1 N H 2 S0 4 , 1 N HCI, etc. or with base, such as, 5 
N KOH, 1 N NaOt| 2 N LiOH, etc., at temperatures from 30°-100° C in 4-24 hours. 

Compounds of the present invention in which Y is carbonyl and R 4 is 1-piperidinyl, 1-pyrrohdinyl, methyl-1 -pyrro- 
hdinyl, dimethyl-1 -flpyrrolidino, 4-morpholino, dimethylamino, diethylamino, diisopropylamino, or 1-hexamethyleneimino 
arc prepared by amidation or conversion of the esters to the corresponding amide. Such transformations are well 
known in the art oil organic chemistry. 

The carboxylic acids may be converted to an activated form, such as, an acid chloride, an acid azide, a mixed 
anhydride, hydrox^succmimide, hydroxybenzotriazole etc. Carboxylic acids may be dehydrated in the presence of an 
amine or alcohol to form the corresponding amides or ester with reagents, such as, DCC and the like. 

Compounds of the present invention where Y is absent, X is alkylene, -CH 2 CH=CH-, or -CH 2 CH 2 CH=CH-where 
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R 4 is a nitrogen containing moiety and Y is a methylene, i.e., R 4 and Y constitute an amino function, are synthesized 
from the compounds corresponding amides by reduction of the amide carbonyl . This reduction may be accomplished 
with the use of reducing reagents, such as, NaBH 4 , LiAIH 4> borane, and the like, in an inert solvent such as, THF, ether, 
CH 2 CI 2 , etc., at ambient temperatures. 

5 Reduction of any unsaturation in the linking group, X is accomplished by techniques well know in the art such as 

catalytic reduction under hydrogen in the presence of a transition metal catalyst such as palladium, or platinum. 

It should be noted that as before the reduction of the vinyl double (X) and the reduction of the carbonyl (Y) are 
independent of each other, i.e., there is no sequence restriction Thus, an amine function can be synthesized before 
the reduction of the vinyl double or after. 

io Further, preferred compounds of formula I may be obtained by cleaving the R 5 and R 6 hydroxy protecting groups 

of formula la.b.c.e.f compounds via well known procedures. Numerous reactions for the formation and removal of such 
protecting groups are described in a number of standard works including, for example, Protective Groups in Organic 
Chemistry, Plenum Press (London and New York, 1973). Green, T.W., Protective Groups in Organic Synthesis, Wiley, 
(New York, 1981); and The Peptides, Vol. I, Schrooder and Lubke, Academic Press (London and New York, 1965). 

is Methods for removing preferred R s and/or R 6 hydroxy protecting groups, particularly methyl, are essentially as de- 
scribed in Example 7, infra. 

Other preferred compounds of formula I are prepared by replacing the 6-, -3* and/or ^-position hydroxy moieties, 
when present, with a motety of the formula -0-CO-(C 1 -C e alkyl), or -0-S0 2 -(C 2 -C 6 alkyl) via well known procedures. 
See , e.g., U.S Pat No. 4,358,593 

20 For example, when an -O-COfC-i-Cg alkyl) group is desired, a mono-, di-, or trihydroxy compound of formula I is 

reacted with an agent such as acyl chloride, bromide, cyanide, or azide, or with an appiopiiate anhydride or mixed 
anhydride. The reactions are conveniently carried out in a basic solvent such as pyridine, lutidme, qutnolme or isoqui- 
noline, or in a tertiary amine solvent such as triethylamine, tributylamine, methylpiperidine, and the like. The reaction 
also may be carried out in an inert solvent such as ethyl acetate, dimethylformamide, dimethylsulfoxide, dioxane, 

25 dimethoxycthanc, acctonitnle, acetone, methyl ethyl ketone, and the like, to which at least one equivalent of an acid 
scavenger (except as noted below), such as a tertiary amine, has been added. If desired, acylation catalysts such as 
4-dimethylaminopyridme or 4-pyrrolidinopyridine may be used. See , e g , Haslam, et al ., Tetrahedron, 36:2409-2433 
(1980). 

The reactions are carried out at moderate temperatures, in the range from about -25° C to about 1 00* C. frequently 
30 under an inert atmosphere such as nitrogen gas However, ambient temperature is usually adequate for the reaction 
to run. 

Acylation of a 6-, -3' and/or 4'-position hydroxy group also may be performed by acid -catalyzed reactions of the 

appropriate carboxylic acids in inert organic solvents. Acid catalysts such as sulfuric acid, polyphosphoric acid, meth- 

anesulfonic acid, and the like are used. 
35 The aforementioned R 1 and/or R 2 groups of formula I compounds also may be provided by forming an active ester 

of the appropriate acid, such as the esters formed by such known reagents such as dicyclohexylcarbodiimide(DCC), 

acylimidazoles, nitrophenols, pentachlorophenol, N-hydroxysuccmimide, and 1 -hydroxy benzotriazole. See, e.g., Bull. 

Chem. Soc. Japan, 38:1979 (1965), and Chem. Ber, 788 and 2024 (1970). 

Each of the above techniques which provide -O-CO-fC-i -C 6 alkyl) moieties are carried out in solvents as discussed 
40 above. Those techniques which do not produce an acid product in the course of the reaction, of course, do not call for 

the use of an acid scavenger in the reaction mixture. 

When a formula I compound is desired in which the 6-.-3 1 and/or 4'-position hydroxy group of a formula I compound 

is converted to a group of the formula -0-S0 2 -(C 2 -C 6 alkyl), the mono-, di-, or trihydroxy compound is reacted with, 

for example, a sulfonic anhydride or a derivative of the appropriate sulfonic acid such as a sulfonyl chloride, bromide, 
45 or sulfonyl ammonium salt, as taught by King and Monoir, J. Am. Chem. Soc, 97:2566-2567 (1975). Such reactions 

are carried out under conditions such as were explained above in the discussion of reaction with acid halides and the 

like. 

Although Ihe free-base or acid forms of formula I compounds can be used in the methods of the present invention, 
it is preferred to prepare and use a pharmaceutical^ acceptable salt form. Thus, the compounds used in the methods 

50 of this invention form pharmaceutical^ acceptable acid or base addition salts with a wide variety of organic and inorganic 
acids and bases, and include the physiologically acceptable salts which are often used in pharmaceutical chemistry 
Such salts are also part of this invention. Typical inorganic acids used to form such salts include hydrochloric, hydro- 
bromtc, hydroiodic, nitric, sulfuric, phosphoric, hypophosphoric, and the like. Salts derived from organic acids, such as 
aliphatic mono and dicarboxylic acids, phenyl substituted alkanoic acids, hydroxyalkanoic and hydroxyalkandioic acids, 

55 aromatic acids, aliphatic and aromatic sulfonic acids, may also be used Such pharmaceutically acceptable salts thus 
include acetate, phenylacetate, trifluoroacetate, acrylate, ascorbate, benzoate, chlorobenzoate, dinitrobenzoate, hy- 
droxy ben zoate, methoxybenzoate, methylbenzoate, o-acetoxy ben zoate, naphthalene-2-benzoate, bromide, isobu- 
tyrate, phenylbutyrate, b-hydroxybutyrate, butyne-1 ,4-dioate, hexyne-1 ,4-dioate, caprate, caprylate, chloride, cinna- 
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mate, citrate, fornnate, fumarate, glycollate, heptanoate, hippurate, lactate, malate, maleate, hydroxy maleate, 
malonate, mandeltite, mesylate, nicotinate, isonicotinate, nitrate, oxalate, phthalate, terephthalate, phosphate, mono- 
hydrogen phosphate, dihydrogenphosphate, metaphosphate. pyrophosphate, propiolate, propionate, phenylpropion- 
ate, salicylate, seteacate, succinate, suberate, sulfate, bisulfate, pyrosulfate, sulfite, bisulfite, sulfonate, benzenesul- 
fonate, p-bromoprpenylsulfonate, chlorobenzenesulfonate, ethanesulfonate, 2-hydroxyethanesulfonate, methanesul- 
fonate, naphthalerp-1 -sulfonate, naphthalene-2-sulfonate, j>toluenesulfonate, xylenesulfonate, tartarate, and the like. 
Preferred salts are^the hydrochloride and oxalate salts. 

Typical basesiused to form pharmaceutical^ acceptable addition salts would be inorganic bases, such as, sodium 
hydroxide, potassiium hydroxide, alkali carbonates or bicarbonates, calcium carbonate, magnesium carbonate, and 
the like. Additionapy, organic bases may be utilized to form addition salts, e.g., alkyl amines, such as, triethylamine, 
dimethylamine, i-pnopylamine, and the like . 

The pharmace Jtically acceptable acid or base addition salts are typically formed by reacting a compound of formula 
I with an equimolajr or excess amount of acid or base The reactants are generally combined in a mutual solvent such 
as diethyl ether ori ethyl acetate. The salt normally precipitates out of solution within about one hour to 10 days and 
is can be isolated by filtration or the solvent can be stripped off by conventional means 

The pharmaceutical^ acceptable salts generally have enhanced solubility characteristics compared to the com- 
pound from which |1 hey are derived, and thus are often more amenable to formulation as liquids or emulsions. 

The term "solvate" represents an aggregate that comprises one or more molecules of the solute, such as a formula 
I compound, with cne or more molecules of solvent 

The following examples are presented lo further illustrate the preparation of compounds of the present invention. 
The Examples arejinerely illustrative and are not to be lead as limiting the scope of the present invention as it is defined 
by the appended q aims. 

NMR data fori the following Examples were generated on a GE 300 MHz NMR instrument, and anhydrous d-6 



DMSO was used as the solvent unless otherwise indicated. 



Preparation 1 
Preparation of 2-(4 



-methoxvphenyl)-4-(3-methoxvphenvl)butync acid 



4-Methoxyphemylacetic acid (50 6B g, 305 mmol) was dissolved in 1 4 L of THF and cooled to -70°C under a 
nitrogen atmosphere. 400 mL of 1 .6 M (640.5 mmol) of n-BuLi in hexane was slowly added 72 1 g (335.5 mmol) of 2- 
(3-methoxyphenyl>3thylbromide in 400 mL of THF was slowly added and the reaction allowed to proceed for 1 .5 hours. 
The reaction was allowed to warm to ambient temperature. The reaction was quenched with 500 mL of 0.5 N NaOH 
; for one hour and cooled to ambient temperature. The reaction mixture was extracted three times 
with ether, the aqueous layer was acidified with 150 mL of 5N HCI and extracted twice with CHCI 3 . The CHCI 3 extract 
was washed twice! with brine, dried with Na 2 S0 4 , and evaporated to a yellow solid. This yielded 78 2 g of the title 
compound 

1 H NMR: Consistent with the proposed stucture. 
MS: m/e=300 (M) FfD 

Analysis: Calc. fonC 18 H 2 o0 4 C, 71 98; H, 6.71 Fd C, 71.04: H, 6.77 



Preparation 2 



Preparation of 2-(4, 



2-(4-Methoxypfienyl) 
cooled to 0-C Totrj 
for 30 minutes. Thj^ 
separated, washed 
solid. This yielded 



Preparation 3 
Preparation of 2-(4 



2-(4-Methoxy phenyl) 
and 1 g of para-1 
for six hours The 



Methoxvphenvl)-6-methoxy-1-tetralone 



-4-(3-methoxyphenyl)butrtc acid (2.31 g, 7.7 mmol) was dissolved in 30 mL of CH 2 CI 2 and 
s solution was added 3.4 ml (23 1 mmol) of trifluoroacetic acid, the reaction was allowed to proceed 
reaction was quenched by pouring into an aqueous solution of NaHC0 3 . The organic layer was 
twice with NaHC0 3 solution, washed twice with brine, dried with Na 2 S0 4 , and evaporated to a 
.5 g of the title compound as a tan amorphous solid. 



methoxvphenyl)-6-methoxy-1-naphthol 



6-methoxy-1 -tetralone (8 50 g, 30.14 mmol) was dissolved in 50 mL of isopropenyl acetate 
totyenesulfonic acid was added The reaction mixture heated to reflux under a nitrogen atmosphere 
reaction mixture was allowed to cool to ambient temperature, 2,3-dichloro-5,6-dicyano-1 ,4-benzo- 
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quinone (DDQ), 13 7 g (60 3 mmol) was added. The reaction was refluxed for 1.5 hours, after cooling to ambient 
temperature, 200 mL of CH 2 CI 2 was added The reaction mixture was washed four times with 200 ml_ portions of 0 2 
N NaOH, twice with 200 mL portions of water, and the resulting solution was dried with Na 2 S0 4 and evaporated to a 
solid. This yielded the intermediate phenolic acetate which was hydroyzed by dissolving the solid in 200 mL of MeOH- 

s THF (1:1) (v/v) and added an excess amount of MeONa. An orange precipitate formed which was filtered off. The 
resulting filtrate was acidified with to pH 4 with 5 N HCI and diluted with 200 mL of water. The solution was extracted 
three times with 100 mL portions of EtOAc and organic layers combind, dried with Na 2 S0 4 , evaporated to dryness 
The final product was crystallized from EtOAc-hexane, which yielded 4.24g of the title compound as a white solid. 
1 H NMR: Consistent with the proposed structure. 

10 MS M/e=230 (M)FD 

Analysis: Calc. for C 18 H 16 0 3 C, 77 12. H. 5.75 Fd C, 76.83; H, 5.90 

Preparation 4 

75 Preparation of 2-(3-methoxvthenyl)-6-methoxv-1 -tetralone 

In a manner similar to that used in Preparation 2, the title compound was prepared as a tan solid, mp 81-82-C. 
Preparation 5 

20 

Preparation of 1 -hvdroxv-2-(3-methoxvthenvl-6-methoxvnaphthalene 

In a manner similar to that used in Preparation 3, the title compound was prepared as a clear oil. 
1 H NMR: (CDCI 3 ) 8.19 ppm (d, J=9 1 Hz, 1H), 7 51 -6.94 ppm (m, 3H); 5.91 ppm ( s, 1H); 3 94 ppm (s, 3H) 
2s MS m/c=280 (M) FD 

Analysis: Calc forC 18 H 16 0 3 : C. 77.12; H, 5.75 Found: C, 76.91; H. 5.81. 

Preparation 6 

30 Preparation of 1 -hydroxv-2-(3-methoxvphenyl)naphthalene 

In a manner analogous to Preparations 1-3, the title compound was prepared as a tan, amorphous solid 
1 H NMR: 8.30 ppm (m, 1 H); 7.80 ppm (m, 1 H); 7.57-7 45 ppm (m. 4H); 7.40 ppm (d, J=7.1 Hz, 1 H). 7.35 ppm (d, J=6.0 
Hz, 1H); 7.06 ppm (s, 1H0, 6.97 ppm (dd, J=6.0 Hz, 1H); 6.00 ppm (s, 1H); 3.90 ppm (s, 1H) 
3S MS* m/e=250 (M) FD 

Analysis: Calc. for C 17 H 14 O 2 -0.21 mol EtOAc C, 79.52, H, 
5.93 Found" C, 79.72; H, 5.63 

Preparation 7 

40 

1- (4-formylphenoxy)-2-(4-methoxyphenyl)-6-methoxvnaphthalene 

To a solution of [2-(4-methoxyphenyl)]-6-methoxynaphthyl-1-ol (3.57 g, 12.75 mmol) in 180 mL of anhydrous N, 
N-dimethylformamide under N2 at ambient temperature was added sodium hydride (535 mg, 13.38 mmol, 60% dis- 

4s persion in mineral oil) in small portions. After stirring for 1 0 min., 4-flourobenzaldehyde (3.20 g, 25.50 mmol) was added. 
The resulting mixture was heated to 70° C for 36 hours Upon cooling to ambient temperature, the solvent was removed 
in vacuo. The residue was then distributed between ethyl acetate/water. The layers were separated and the organic 
was washed several times with water. The organic layer was finally dried (sodium sulfate) and concentrated in vacuo 
to an oil. Chromatography (90 10 hexanes/ethyl acetate) provided 2.06 g (48%) of 1-(4-formyl)phenoxy-2-(4-methox- 

so yphenyl)-6-methoxynaphthalene as a white solid that was crystallized from methanol. Data for 1-(4-formyl)phenoxy- 

2- (4-methoxyphenyl)-6-methoxynaphthalene- mp 120-121° C. 

1 H NMR (CDCI 3 ) d 9.80 (s, 1 H), 7.78 (d, J = 9.2 Hz, 1 H), 7.74 (d, J = 8.8 Hz, 1 H), 7.67 (d, J = 8.8 Hz, 2H), 7.56 (d, J 
= 8.8 Hz, 1 H), 7.46 (d, J = 8.8 Hz, 2H), 7.21 (d, J = 2 6 Hz, 1H), 7.12 (dd, J = 9.2, 2.6 Hz, 1H), 6.84 (d, J = 8.8 Hz, 2H), 
6.81 (d, J = 8.8 Hz, 2H), 3.95 (s, 3H), 3.78 (s, 3H). FD mass spec 384. Anal. Calcd for C 25 H 20 O 4 : C, 78.11, H, 5 24. 
55 Found: C, 78.32; H, 5.24. 
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Preparation of 1 -(4-formvlphenoxv)-2-(3-methoxyphenvl)-6-me1hoxvnaphthalene 



A solution was prepared of 9 8 g (35 mmol) of 1 -hydroxy-2-(3-methoxyphenyl)-6-methoxynaphthalene in 490 mL 
of DMF under a nit ogen atmosphere and to this solution was slowly added 1 .47 g (36 8 mmol) of 60% NaH in mineral 
oil. After ten minutes, 7.5 mL (70 mmol) of 4-fluorobenzaldehdye was added and the reaction mixture was heated to 
70° C for sixty-four hours. The reaction mixture was evaporated to dryness and the residue partioned between water 
and EtOAc. The EtOAc layer was dried with Na 2 S0 4 and chromatographed on a silica gel column eluted with EtOAc- 
hexane (1:9) (v/v). The final product was further purified by crystallization from MeOH. This yielded 2.4 g of the title 
compound as a tan solid, mp 145-146°C. 

1 H NMR. (CDCI 3 ) ^.80 ppm (s, 1 H); 7.79 ppm (d, J=9.2 Hz, 1 H); 7.75 ppm ( d J=8 8 Hz, 1 H); 7.67 ppm (d, J=8.9 Hz, 
2H); 7 5B ppm (d, .=8.4 Hz, 1H); 7 31-7 05 ppm (m ,5H), 6 86-6 75 ppm ( m, 3H); 3 95 ppm ( s, 3H); 3.72 ppm (s, 3H) 
MS: m/e=384 (M) FD 

Analysis: Calc for C 25 H 20 O 4 C, 78 11 . H, 5 24 Found: C, 78.26; H, 5.33 
Preparation 9 

Preparation of 1 -(4|-formvlphenoxv)-2-(3-methoxvphenvl)naphthalene 



In a manner similar to that used in Preparation 7, the title compound was prepared. 
1 H NMR (CDCI3) 9.90 ppm (s, 1H), 7.90-7 83 ppm (m,2H); 7.70 ppm (d J=8.0 Hz, 1H); 7.35-7.20 ppm (m, 4H); 
7.58-7 43 ppm (m, I2H); 7.58 ppm (d, J=8.4 Hz, 1H); 7.10 ppm (m, 2H); 6.80 ppm (d, J=8.0 Hz, 2H); 3.80 ppm (s, 3H) 
MS: m/e=354 (M) f[d 

Analysis: Calc. for C 24 H ie O 3 -0 2 mol EtOAc C, 86.06; H, 
5.31 Found: C, 80,17; H, 5.29 



Example 1 
30 Preparation of 3-[4 



A solution was 
The solution was 
ten minutes at -70° 
yphenyl) -6 
allowed to warm 
raphy for completioh 
and 1.4 mL of 1 .6 
two hours, the 
acetate extracts 
purified by chroma 
(v/v) and ending 
solid, mp 94-97°C. 
1 H NMR: Consistent 
MS m/e=454 (M) 
Analysis Calc for 



(2-(4-methoxvphenvl)-6-methoxynaphth-1-yloxy)phenyl1propenoic acid ethyl ester 



H 5 C 2 OOC 




OCH 



H3CO 



Drepared of 495 mg (2 2 mmol) of tnethylphosphonoacetate in 10 mL of anhydrous tetrahydrofuran. 

to -70°C and 1 A mL of 1 .6 M n-BuLi in hexane (2.2 mmol) was added and allowed to stir for 
under a nitrogen atmosphere. A solution of 696 mg (2 mmol) of 1 -(4-formylphenoxy)-2-(4-methox- 
methoxjynaphthalene tn 10 mL of THF was dropwise added to the phosphoyhde. The reaction mixture was 
slowly to ambient temperature. After one hour, Ihe reaction was examined by thin-layer chromalog- 
, and the reaction was again cooled to -60° C and an additional 50 mg of triethylphosphonoacetate 
n-BuLi in hexane was added. The reaction was allowed to warm to ambient temperature. After 
reaction was quenched with water and extracted three times with ethyl acetate. The combined ethyl 
were washed with brine, dried with Na 2 S0 4 , and evaporated to dryness. The compound was further 
ography on a silica gel column elutod with a linear gradient beginning with EtOAc-hcxanc (3 97) 
wth EtOAc-hexane (10 90) (v/v). This yielded 786 mg of the title compound as an tan amorphous 



M i 



with the proposed structure 

i 

C 29 H 2G°s' c > 76 63 > H. 5 77 Found: C, 76 43; H, 5 94 
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Example 2 

Preparation of 3-f4-((2-(4-methoxyphenvn-6-methoxvnaphth-1 -vl)oxv)phenyllpropenoic acid, hydrate 



HOOC 



10 



15 



20 



25 




H3CO 



A solution was prepared of 771 mg (1 7 mmol) ot 3-[4-((2-(4-methoxyphenyl)-6-methoxynaphth-1-yl)oxy)phenyl] 
propenoic acid, ethyl ester (prepared as described in Example 1 above) in 10 mL of ethanol, 7 mL of tetrahydrofuran, 
and 10 mL of 1 N NaOH The reaction was warmed on a steam bath to clearify the solution After one hour, an additional 
2 mL of 2 N NaOH was added and the reaction was warmed The reaction was quenched by addition of cold 2 N HCI 
The aqueous mixture was extracted three times with ethei The combined ether extracts were washed with brine, di ied 
with Na2S04, and evaporated to dryness The product was purified by chromatography on a silica gel column eluted 
with MeOH-CHCI 3 (1 :99) (v/v) This yielded 704 mg of the title compound as a tan amorphous solid mp 97-100°C. 
1 H NMR" Consistent with the proposed structure 
MS: m/c=426 (M) FD 
Analysis Calc. for C 27 H 22 0 5 -HOH: C, 72 96: H. 5.44 Found C, 73.03; H, 5.20. 

Example 3 

30 Preparation of 3-[4-((2-(4-hvdroxvphenvl)-6-hvdroxynaphth-1-vl)oxy)phenvnpropenoic acid 



HOOC 

35 



40 




A solution was prepared of 658 mg (1 54 mmol) of 3-[4-((2-(4-methoxyphenyl)-6-methoxynaphth-1 -yl)oxy)phenyl] 
45 propenoic acid hydrate in 10 mL of dichloromethane The solution was cooled to 5°C and 0.44 mL (4.7 mmol) of BBr 3 
was added The reaction was allowed to proceed for one hour at 0° C under a nitrogen atmosphere. The reaction was 
quenched by pouring into water and extracting three times with ethyl acetate. The combined ethyl acetate extracts 
were washed with water, brine, dried with Na2S04, and evaporated to an oily, red solid. The product was purified by 
chromatography on a silica gel column eluted with MeOH-CHCI 3 (1 .99) (v/v). This yielded 489 mg of the title compound 
50 as a yellow, amorphous solid, mp 150-153°C. 

1 H NMR: Consistent with the proposed structure. 
MS: m/e=398 (M) FD 

Analysis. Calc. for C 25 H 18 0 5 : C, 75 37; H, 4.55 Found C, 75.64: H, 4 65. 

55 
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Example 4 

Preparation of 3-f4|-((2-(4-methoxvphenvn"6-methoxvnaphth'1-yl)oxv)phenvllpropenoic acid, pipe rid inamide 




.OH 



A solution was prepared of 1 04 g (2.4 mmol) of 3-[4-((2-(4-methoxyphenyl)-6-methoxynaphth-1 -yl)oxy)phenyl] 
propenoic acid, 356 mg (2.64 mmol) of 1 -hydroxybenzotriazole, and 204 mg (2 4 mmol) of pipendme in 20 mL of DMF. 
To this solution was added 550 mg (2 64 mmol) of dicyclohexylcabodiimide (DCC). The reaction was allowed to proceed 
for sixteen hours at ambient temperature under a nitrogen atmosphere The reaction was terminated and 50 mL of 
ethyl acetate was added and the suspension filtered. The organic solution was washed four times with water, brine, 
dried with Na 2 S0 4 , and evaporated to dryness The product was purified by chromatography on a silica gel column 
eluted with CHCI 3 to yield 662 mg of the title compound as a white amorphous solid 
1 H NMR Consistent with the proposed structure 
MS- m/e=493 (M) FFD 

Analysis: Calc. for C 32 H 31 N0 4 C, 77.87; H. 6.33, N, 2.84 
Found: C, 75.08, H, 6.43: N, 4.09 



30 Example 5 

Preparation of 1-[4 



(3-(1-Piperidinvl)proP'2-envnphenoxvl-2-(4-methoxvphenvlV6-methoxvnaphthalene 




OCH 



H 3 CO 



A suspension was prepared of 255 mg (6.7 mmol) of UAIH4 in 5 mL of THF. To this solution was added, dropwise, 
660 mg (1.34 mmol) of 3-[4-((2-(4-methoxyphenyl)-6-methoxynaphth-1-yl)oxy)phenyl]propenoic acid piperidinamide 
in 15mLof tetrahydrofuran. The reaction mixture was heated under reflux forthree hours under a nitrogen atmosphere. 
The reaction was quenched by pouring into ice-water. The suspension was extracted three times with ethyl acetate 
The combined extracts were washed with brine, dried with Na 2 S0 4 , and evaporated to dryness, yielding 541 mg of 
the crude product. F : inal purification was accomplished by chromatography to yield 891 mg of crude material. This was 
chromatographed cm a silica gel column eluted with a stepwise gradient of MeOH-CHCI 3 (1:99), (5:95), and (10:90) 
(v/v) to yield 483 mg of the title compound, isolated as a tan amorphous solid. 
1 H NMR: Consistert with tho proposed structure 
MS m/e=479 (M) FD. 
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Example 6 

Preparation of 1 -[4-[3-(1 -Piper idinvl)propvnphenoxv1-2-(4'methoxyphenvl)'6-methoxvnaphthalene Hydrochloride 

5 



10 




15 

A solution was prepared of 470 mg (1 mmol) of 1-[4-[3-(1-piperidinyl)2-propenylJphenoxyJ-2-(4-methoxyphenyl)- 
6-methoxynaphthalene (prepared as described in Example 5 above) in 25 mL of ethyl acetate and 75 mL of ethanol. 
To this solution was added 480 mg of 5% Pd/C, and the mixture was placed in a Parr hydrogenation apparatus under 
H 2 at a pressure of 4 psi After one hour, the reaction mixture was filtered to remove the catalyst and the residue was 
20 evaporated to dryness. The residue was dissolved in 10 mL of ethyl acetate and ether saturated with HCI was added 
until no further precipiate formed. The solvents were removed by evaporation. This yielded 429 mg of the title compound 
as a white amorphous solid, mp 192-194°C. 
1 H NMR: Consistent with the proposed structure. 
MS: m/e=481 (M-HCI) FD 

25 Analysis: Calc. for C 32 H 3S N0 3 -HCI: C, 74.19; H, 7 00; N, 2.70 Found: C 73.90; H, 6.95: N, 2.72. 
Example 7 

Preparation of 1 -f4-r3-(1-Piperidinvl)propvlfphenoxv1-2-(4-hvdroxvphenvl)-6-hvdroxynaphthalene Hydrochloride 

30 



35 




A solution of 315 mg (0 61 mmol) of 1-[4-[3-(1-piperidinyl)2-propyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxy- 
naphthalene hydrochloride (prepared as described in Example 7 above) in 20 mL of dichloromethane was prepared, 
cooled to 5° C, and 0.17 mL (1 .83 mmol) of BBr 3 was added. The reaction was allowed to proceed at 5°C under a 

45 nitrogen atmosphere for thirty minutes. The reaction was quenched by pouring into a saturated solution of aqueous 
NaHC0 3 The aqueous suspension was extracted with CH 2 CI 2 five times. The combined CH 2 CI 2 extract was washed 
with brine, dried with Na2S0 4l and evaporated to dryness. The residue was dissolved in EtOAc-EtOH and diethyl ether, 
saturated with HCI, was added until no further precipitate formed. This yielded 271 mg of the title compound as a white 
solid, mp 222-224°C. 

50 ih NMR: Consistent with the proposed structure. 
MS: m/e=454 (M-CI) FD 

Analysis Calc. for C 30 H 31 NO 3 -HCI. C, 73 53; H, 6.58; N, 2.86 Found C : 73 75, H, 6 49; N, 2.92. 



ss Claims 

1 . A compound of formula 1 
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w 



15 



R' is 



20 



25 



30 




or a pharmacemtically acceptable salt thereof wherein 



35 



40 



45 



R 2 and R 3 



50 



55 



selected from the group consisting of hydrogen, 
fY KJroxy, 

alkoxy of one to four carbon atoms 
ailkoxycarbonyl of two to seven carbon atoms, 
adkoxycarbonyloxy of two to seven carbon atoms, 
atlkylsulfonyloxy, 
phenoxycarbonyloxy, and 

aiyloxycarbonyl where the aryl portion is selected 
from the group consisting of 
unsubstitutcd phenyl, and 
phenyl substituted with one or more 
substituents independently selected 
from the group consisting of 

halo, 
methyl, 
methoxy, 
nitro, and 
trifluoromethyl, 

are, independently selected from the group consisting of 

hydrogen, 

chloro, 

fluoro, 

hydroxy, 

alfeoxy of one to four carbon atoms, 
alKOxycarbonyl of two to seven carbon atoms, 
aWkoxycarbonyloxy of two to seven carbon atoms, 
alRylsulfonyloxy, 
phenoxycarbonyloxy, and 
aryloxycarbonyl where the aryl portion is 
selected from the group consisting of 
unsubstituted phenyl, and 
phenyl substituted with one or more 
substituents independently 
selected from the group 
consisting of 



halo, 
methyl, 
methoxy, 
nitro, and 
trifluoromethyl; 
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R 4 is selected from the group consisting of hydroxy, 

alkoxy of one to six carbon atoms, 
cycloalkoxy of four to six carbon atoms, 
1-piperidinyl, 
1-pyrrolidinyl, 
methyl-1 -pyrrolidinyl, 
dimethyl-1 -pyrrolidmo, 
4-morpholino, 
dimethylamino, 
diethylamino, 
diisopropylamino, 
l-hexamethyleneimino, and 
aryloxy where wherein the aryl portion is selected 
from the group consisting of 

unsubstituted phenyl, and 

phenyl substituted with one or more 

substituents independently selected 
from the group consisting of 

halo, 
methyl, 
methoxy, 
nitro, and 
trifluoromethyl: 

X is selected from the group consisting of alkylene of two to four carbon atoms, 

-CH=CH-, 

-CH 2 CH=CH-, and 

-CH 2 CH 2 CH=CH-; and 
Y is absent or is carbonyl, with the proviso that when 

Y is absent. R 4 may not be hydroxy, -0(C-,-C 6 alkyl), -0(C 4 -C 6 cycloalkyl), or 

A compound as defined by Claim 1 having the structure 




wherein R 1 , R 2 , R 3 , and R 4 and X are as defined therein 
A compound as defined by Claim 1 having the structure 



25 



EP 0 835 867 A1 



10 




wherein R 1 , R 2 



15 4. A compound according to Claim 3 wherein R 4 is selected from the group consisting of 



20 



25 



hydroxy, 
-0(C r C 6 ajlkyl) 
-0(C 4 -C 6 
-OAr where 
is phenyl 





3-[4-(, 




3-[4-(, 




3-[4-(< 


35 


3-[4-(, 




3-[4-(< 




3-[4-(, 




3-[4-(< 




3-[4-(< 


40 


3-[4-(, 




3-[4-(< 




3-[4-( 




3-[4-(< 




3-l4-( 


45 


3-[4-(< 




4-[4-(, 




4-[4-(< 




4-[4-(, 




4-[4-( 


50 


4-[4-( 




4-[4-( 




4-[4-( 




4-[4-( 




4-[4-( 


55 


4-[4-( 




3-[4-( 




3-[4-( 




3-[4-( 



R 3 , and R 4 and X are as defined therein. 



qycloalkyl), 

where Ar is unsubstiluled phenyl or 

substituted with one or more 
substituents independently selected from the group consisting of 



halo, 
nitro, 
trifluoromethyl, 



methyl and 
methoxy. 

30 5. A compound according to Claim 4 selected from the group consisting of 



2-phenyl-6-hydroxynaphth-1 -yloxy)phenyl]propenoic acid. 
phenyl-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid; 
4-Cjhlorophenyl)naphth-1 -yloxy)phenyllpropenoic acid; 
3 chloro-4-methoxyphenyl)naphth-1-yloxy)phenyl]propenoic acid, 

3- chloro-4-hydroxyphenyl)naphth-1 -yloxy)phenyl]propenoic acid, 

4- h|ydroxyphenyl)naphth-1 -yloxy)phenyl]propenoic acid; 
4-npethoxyphenyl)naphth-1 -yloxy)phenyl]propenoic acid; 
3-chlorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid; 

3- chlorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid; 

4- chlorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid; 
4-c^lorophenyl)-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid; 
4-h|ydroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]propenoic acid; 
4-rrnethoxyphenyl)-6-hydroxynaphth-1-yloxy)phenylJpropenoic acid; 

2-4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid; 
4-flliorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]but-3-enoic acid, 
4-fluorophenyl)-6-methoxynaphth-1 -yloxy)phenyl]but-3-enoic acid. 
4-hydroxyphenyl)naphth-1 -yioxy)phenyl]bul-3-enoic acid, 
4-rnethoxyphenyl)naphth-1 -yloxy)phenyl]but-3-enoic acid, 
3-c iloro-4-hydroxyphenyl)naphth-1 -yloxy)phenyl]but-3-enoic acid, 

3- c iloro-4-methoxyphenyl)naphth-1 -yloxy)phenyl]but-3-enoic acid; 

4- hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]but-3-enoic acid, 
4-rr ! iethoxyphenyl)-6-hydroxynaphth-1 -yloxy)phcnyl]but-3-Gnoic acid, 



4-m 



ethoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]but-3-enoic acid; 
2-phenyl)naphth-1 -yloxy)phenyl]but-3-enoic acid; 
2-phenyl-6-hydroxynaphth-1 -yloxy)phenyl]propenoic acid; 
2-phenyl-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid; 
2-(3-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanotc acid; 
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3-[4-(2-(3-methoxyphenyl)<6-hydroxynaphth-1-yloxy)phenyl]propanoic acid; 
3-[4-(2-(3-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid; 
3-[4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid: 
3-[4-(2-(4-methoxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid. 
3-[4-(2-(4-methoxyphenyl)-6'methoxynaphth-1-yloxy)phenyl]propanoic acid; 
3-f4-(2-(4-chlorophenyl)-6-hydroxynaphth-1-yloxy)phenyllpropanoic acid; 
3-f4-(2-(4-chlorophenyl)-6-methoxynaphth-1-yloxy)phenyllpropanoic acid; 
3-[4-(2-(3-fluorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid; 

3- [4-(2-(3-fluorophenyl)-6-methoxynaphth-1-yloxy)phenyi]propanoic acid; 

4- [4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]butanoic acid; 
4-[4-(2-(4-methoxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]butanoic acid, and 
4-[4-(2-(4<nethoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]butanoic acid, or 

a pharmaceutically acceptable salt thereof. 

. A compound according to Claim 4 selected from the group consisting of 

3-[4-(2-(3-hydroxyphenyl)-6-hydroxynaphth-1-ylyloxy)phenyl]propenoic acid, ethyl ester; 
3-[4-(2-(3-methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid, ethyl ester; 
3-[4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, ethyl esler; 
3-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester, 
3-[4-(2-(3-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, propyl ester; 
3-[4-(2-(3-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, propyl ester; 
3-[4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, butyl ester, 
3-[4-(2-(4-mcthoxyphcnyl)-6-mcthoxynaphth-1-yloxy)phenyl]propenoic acid, butyl ester; 
3-[4-(2-(3-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, pentyl ester; 
3-[4-(2-(3-methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid, pentyl ester: 
3-[4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, hexyl ester; 
3-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, hexyl ester; 
3~[4-(2-(3-hydroxyphenyl)naphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
3-[4-(2-(3-methoxyphenyl)naphth-1-yloxy)phenyl]propenoic acid, ethyl ester, 
3-[4-(2-(4-hydroxyphenyl)naphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
3-[4-(2-(4-methoxyphenyl)naphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
3-f4-(2-phenylnaphth-1-yloxy)phenyllpropenoic acid, ethyl ester, 
3-[4-(2-(4-chlorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
3-[4-(2-(4-chlorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
3-[4-(2-(3-fluorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
3-[4-(2-(3-fluorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester, 
3-[4-(2-(4-fluorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester, 
3-[4-(2>(4-fluorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propenoic acid, ethyl ester; 
3-[4-(2-(3-fluoro-4-methoxyophenyl)-6-methoxynaphth-1 -yloxy)-phenyl]propenoic acid, ethyl ester; 

3- [4-(2-(34luoro-4-hydroxyophenyl)-6-hydroxynaphth-1 -yloxy)-phenyl]propenoic acid, ethyl ester; 

4- [4-(2-(3-fluorophenyl)naphth-1-yloxy)phenyl]but-3-enoic acid, ethyl ester; 
4-[4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenylJbut-3-enoic acid, ethyl ester; 
4-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]but-3-enoic acid, ethyl ester; 
4-[4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]but-3-enoic acid, pentyl ester; 
4-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1"yloxy)phenyl]but-3-enoic acid, pentyl ester; 
4-[4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]but-3-enoic acid, cyclohexyl ester; 
4-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]but-3-enoic acid, cyclohexyl ester; 
4-[4-(2-(4-hydroxyphenyl)naphth-1-yloxy)phenyl]but-3-enoic acid, cyclohexyl ester; 
4-[4-(2*(4-methoxyphenyl)naphth-1-yloxy)phenyl]but-3-enoic acid, cyclohexyl ester; 
4-[4-(2-(4-hydroxypheny!)-6-hydroxynaphth-1-yloxy)phenyl]but-3-enoic acid, phenyl ester; 
4-[4-(2-(4-methoxyphonyl)-6-mcthoxynaphth-1-yloxy)phcnyl]but-3-enoic acid, phenyl ester; 
4-[4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]but-3-enoic acid, 4-methylphenyl ester; 
4-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]but-3-enoic acid, 4-methylphenyl ester; 
3-[4-(2-(3-hydroxyphenyl)naphth-1-yloxy)phenyl]propanoic acid, ethyl ester, 
3-[4-(2-(3-methoxyphenyl)naphth-1-yloxy)phenyl]propanoic acid, ethyl ester, 
3-[4-(2-(4-hydroxyphenyl)naphth-1-yloxy)phenyl]propanoic acid, ethyl ester, 
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4-[4-(2-( 


30 


4-[4-(2-( 
4-[4-(2-( 
4-[4-(2-( 
4-[4-(2-( 
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4-[4-(2-( 
4-[4-(2-( 
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3- 



methoxyphenyl)naphth-1-yloxy)phenyl]propanoic acid, ethyl ester, 
nydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, ethyl ester; 
hydroxyphenyl)-6-hydrxynaphth-1 -yloxy)phenyl]propanoic acid, propyl ester: 
Tiethoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, propyl ester; 
3-hydroxyphenyl)-6-hydroxynaphth-1-ytoxy)phenyllpropanoic acid, pentyl ester; 
3-iTiethoxyphenyl)-6-nnethoxynaphth-1-yloxy)phenyllpropanoic acid, pentyl ester, 
3H luorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 

3- l luorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 

4- 1luorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
4-1luorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
3-iluoro-4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 

3- fluoro-4-methoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 

4- <:hlorophenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
4-chlorophenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, ethyl ester; 
4-riydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenylJpropanoic acid, ethyl ester; 
4-rriethoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, ethyl ester; 
4-f uorophenyl)naphth-1-yloxy)phenyl)propanoic acid, butyl ester; 
4-rnethoxyphenyl)naphth-l -yloxy)phenyl]propanoic acid, butyl ester; 
4-hydroxyphenyl)naphth-1 -yloxy)phenyl]propanoic acid, butyl ester, 
4-r ydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]propanoic acid, hexyl ester; 
4-nethoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, hexyl ester, 

3- fydroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]butanoic acid, ethyl ester; 

4- Y ydroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]butanoic acid, ethyl ester; 
4-mothoxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]butanoic acid, ethyl ester; 
4-methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]butanoic acid, ethyl ester; 
4-hydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]butanoic acid, ethyl ester; 
4-nnethoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]butanoic acid, ethyl ester; 
4-rwdroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]butanoic acid, pentyl ester, 
4-rmethoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]butanoic acid, pentyl ester; 
4-h|ydroxyphenyl)-6-hydroxynaphth-1-yloxy)phenyl]butanoic acid, cyclohexyl ester; 
4-rnethoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]butanoic acid, cyclohexyl ester, 
4-hydroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]butanoic acid, phenyl ester; 
4-rrjethoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]butanoic acid, phenyl ester; 
4-hydroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]butanoic acid, 4-methylphenyl ester; and 
4-n^ethoxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]butanoic acid, 4-methylphenyl ester. 



7. A compound 
methyl-1 

1-hexamethylenei 



according 
pyrroltdinyl 



8. A compound as 
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3- 

3- 

3-| 

3-| 

3- 
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3- 

3- 
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3-| 

3-| 

3- | 

4- | 



4-(2- 
4-(2- 
4-(2- 
4-(2- 

;4-(2- 

4-(2- 
4-(2- 
4-(2- 
4-(2- 
4-(2- 

;4-(2- 

4-(2- 
4-(2- 
4-(2- 
4-(2- 



to Claim 3 wherein R 4 is selected from the group consisting of 1-piperidinyl, 1-pyrrolidinyl, 
dimethyl-1 -pyrrolidine 4-morpholino, dimethylamino, diethylamino, diisopropylamino, and 
immo. 



defined by Claim 7 selected from the group consisting of 



(4-hydroxyphenyl)naphth-1 -yloxy)phenyl]propenoic acid, N,N-diethylamide; 
(4-methoxyphenyl)naphth-l-yloxy)phenyl]propenoic acid, N,N-diethylamide; 
(4-hvdroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]propenoic acid, N,N-dimethylamide; 
(4-rnethoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid, N,N-dimethylamide, 
(4-hydroxyphenyl)-6-hydroxynaphlh-1 -yloxy)phenyl]propenoic acid, 1-pyrrolidmylamide, 
(4-methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid, 1-pyrrolidinylamide; 
pher yl-6-hydroxynaphth-1-yloxy)phenyl]propenoic acid, 1 -piperidinylamide, 
pher yl-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(4-hydroxyphenyl)naphth-1 -yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(4-methoxyphenyl)naphth-1 -yloxy)phenyl]propcnoic acid, 1 -piperidinylamide; 
(3-h;y droxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(3-m 3thoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(4-hydroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]propenoic acid, 1 -piperidinylamide; 
(4-rrn3thoxyphenyl)-S-methoxynaphth-1 -yloxy)phenyl]propenoic acid, 1 -piperidinylamide: 
(3-hydroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide, 
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4-[4-(2-(3-methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide; 
4-[4-(2-(4-hydroxyphenyl)-6-hydroxynaphth-1 -yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide: 
4-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide; 
4-[4-(2-(4-hydroxyphenyl)naphth-1 -yloxy)phenyl]but-3-enoic acid. 1 -piperidinylamide. 
4-[4-(2-(4-methoxyphenyl)naphth-1 -yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide. 
4-[4-(2-phenyl-6-hydroxynaphth-1 -yloxy)phenyllbut-3-enoic acid, 1 -piperidinylamide, 
4-[4-(2-phenyl-6-methoxynaphth-1 -yloxy)phenyl]but-3-enoic acid, 1 -piperidinylamide; 
3-[4-(2-(4-hydroxyphenyl)naphth-1 -yloxy)phenyl]propanoic acid, N,N-diethylamide, 
3-[4-(2-(4-methoxyphenyl)naphth-1 -yloxy)phenyl]propanoic acid, N.N-diethylamide; 
3-[4-(2-(3-hydroxyphenyi)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, 1 -piperidinylamide; 
3-[4-(2-(3-methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, 1 -piperidinylamide, 
3-[4-(2-(4-hydroxyphenyl)-6-methoxynaphth-1-yloxy)phenyl]propanoic acid, 1 -piperidinylamide, and 
3-[4-(2-(4-methoxyphenyl)-6-methoxynaphth-1 -yloxy)phenyl]propanoic acid, 1 -piperidinylamide 

9. A compound according to Claim 2 selected from the group consisting of 
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1 -[4-[3- 
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4-[3- 
4-[3- 
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1-[4-[3- 
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1-[4-[4- 
1-[4-[4- 
1 -[4-[4- 
1-[4-[4- 
1-[4-[4- 
1-[4-[4- 
1-[4-[4- 
1-[4-[4- 
1 -[4-[4- 
1-[4-l4- 
1 -[4-[4- 
1 -f4-f4- 



piperidm-1-yl)propyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 

1-piperidmyl)propyl]phenoxy]-2-(3-methoxyphenyl)-6-methoxynaphthalene; 

1-piperidinyl)propyl]phenoxy]-2-(3,4-dimethoxyphenyl)-6-methoxynaphthalene; 

1-piperidinyl)propyl]phenoxy]-2-(3-fluorophenyl)-6-methoxynaphlhalene; 

1-piperidmyl)propyl]phenoxy]-2-(4-chlorophenyl)-6-methoxynaphthalene; 

1-piperidinyl)propyl]phenoxy]-2-(4-methoxyphenyl)naphthalene; 

1-pyrolidinyl)propyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 

N 1 N-dimethyl)propyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 

1-hcxamcthylenGimino)propyl]phcnoxy]-2-(4-mothoxyphenyl)-6-methoxy naphthalene; 

N,N-dimethyl)propyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 

1-pyrohdinyl)propyl]phenoxy]-2-(3-methoxyphenyl)-6-methoxynaphthalene; 

1-piperidinyl)prop-2-enyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 

1-piperidinyl)prop-2-enyl]phenoxy]-2-(3-methoxyphenyl)-6-methoxynaphthalene, 

1-piperidinyl)prop-2-enyl]phenoxy]-2-(4-methoxyphenyl)naphthalene; 

1-piperidmyl)prop-2-enyl]phenoxy]-2-phenyl-6-methoxynaphthalene; 

1-hexamethyleneimino)prop-2-enyl]phenoxy]-2-(4-methoxyphenyf)-6-methoxynaphthalene: 

1-piperidinyl)prop-2-enyl]phenoxy]-2-(4-chlorophenyl)-6-methoxynaphthalene; 

N,N-dimethyl)prop-2-enyl]phenoxyl-2-(4-methoxyphenyl)-6-methoxynaphthalene; 

1-piperidinyl)but-3-enyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 

1-piperidinyl)but-3-enyl]phenoxy]-2-(3 -methoxyphenyl)-6-methoxynaphthalene; 

1-pyrolidmyl)but-3-enyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene; 

1-piperidinyl)but-3-enyl]phenoxy]-2-(4-methoxyphenyl)naphthalene; 

1-piperidinyl)but-3-enyl]phenoxy]-2-phenyl-6-methoxynaphthalene: 

1-piperidinyl)but-3-enyl]phenoxy]-2-(3-fluorophenyl)-6-methoxynaphthalene; 

1-piperidinyl)butyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene, 

1-piperidinyl)butyl]phenoxy]-2-(3-methoxyphenyl)-6-methoxy naphthalene, 

1-piperidmyl)butyl]phenoxy]-2-(4-methoxyphenyl)naphthalene; 

1-piperidinyl)butylJphenoxy]-2-phenyl-6-methoxy-naphthalene; 

1-pyrolidinyl)butyl]phenoxy]-2-(4-methoxyphenyl)-6-methoxynaphthalene, and 

l-piperidinyl)butyl]phenoxy]-2-(4-fluorophenyl)-6-methoxynaphthalene 



10. A pharmaceutical formulation comprising an effective amount of a compound as defined by Claim 1 in combination 
with a pharmaceutical^ acceptable carrier. 

11. A pharmaceutical formulation according to Claim 1 0 further comprising an effective amount of a compound selected 
from the group consisting of estrogen and progestin. 

12. A compound according to any one of Claims 1 to 9 or a pharmaceutical^ acceptable salt thereof for use in medicine. 

13. Use of a compound of Claim 1 in the manufacture of a medicament for inhibiting bone loss or bone resorption. 

14. Use according to Claim 13 wherein said bone loss or bone resorption is due to menopause or ovariectomy. 
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15. Use of a compound of Claim 1 in the manufacture of a medicament for lowering serum cholesterol levels. 
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